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RESULTS

Nickel Emissions from a Semi-Bright Nickel Electroplating Tank - with Air Agitation

Run # Ib/(hr-scfimyi) | Ib/(hr-fPum) | Ib/(hr-f%n) mg/dscm mg/(A-hr)
1 2.04x10° 1.06x 107 9.43 x 10° 0.622 0.214
2 2.46x 10” 1.28x 107 1.-14 x 107 0.721 No Plating
Average 225x10? 1.17x10° 1.04x 107 0.672 T 0214
il - | e

- Nickel Emissions from a Semi-Bright Nickel Electroplating Tank - No Air Agitaﬁon

Run# Ib/hr - Ib/(hr-fua) | 1/(hr-fpum) mg/dscm - mg/(A-hr)
1 1.62x10° 1.69x 107 1.50x 10° 0.99 0.340
2 1.90 x 10° 1.98 x 107 1.76 x 10° 1.13 0.399
Average 1.76 x 10° 1.83x10° 1.63x 10° 1.06 0.369
e | - e
Note: See PROCESS DESCRIPTION and CONCLUSION sections for issues relating to

operating conditions during testing.
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INTRODUCTION

The South Coast Air Quality Management District (SCAQMD), is attempting to gather
-information on emissions from plating and metal treating processing from nickel plating
facilities. The testing was requested to provide improved data on emissions from these
operations and address unresolved issues under SCAQMD Rule 1401. The results of the
testing are intended to be used as emissions factors in health risk exposure assessments.

Previous testing conducted by the Metal Finishing Association of Southern California
(MFASC) and the California Air Resources Board (CARB) consisted of triplicate tests
for nickel from nickel electroplating. Issues were raised during the review of the MFASC
test regarding high levels of background nickel and potential fugitive losses. The scope
of the testing was later expanded during an SCAQMD effort to measure nickel emissions
from electroless nickel plating operations, hydrogen chloride from metal acid treating
tanks and sodium hydroxide from metal treating tanks at nickel plating facilities. The
complete SCAQMD testing series in the project consists of SCAQMD Source Tests: 98-
105, 98-106, 98-107, 98-108, 98-109, 98-110, 98-111, and 98-112.

The test plan for the SCAQMD testing was developed via a cooperative effort with the
MFASC. This test report incorporates and addresses comments from representatives
from both the SCAQMD and MFASC during weekly meetings from the project’s
beginning to end. The testing was conducted at a volunteer MFASC member facility.
The sampling was conducted by SCAQMD Methods and Testing staff. The analysis was
conducted by the SCAQMD laboratory and SCAQMD contractor.

This source test was designed to address issues raised during both the MFASC and
SCAQMD previous testing efforts. The facility and tank were selected for testing by the
MFASC. Since the past MFASC testing was also conducted at this facility, it was
thought that a comparison could be made to the existing data. The tank was also selected
due to MFASC concerns from the past SCAQMD test that the relatively small (3’ x 5°)
host tank may not be representative of larger tank emissions. Validity concerns regarding
testing approach raised during the past testing are addressed in the approach employed in
the current test effort.

The current test consists of two sets of duplicate two hour sampling runs with one set run
operating without air agitation and the second set run with the air agitation. The results
are reported in various units.
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PROCESS DESCRIPTION

Background

~ In the plating industry, nickel plating is employed as a decorative and/or protective layer
over a variety of metal pieces. The nickel plating can be used as a final finish or covered
with a thin plating of chromium as with decorative chrome applications. The nickel
plating can be conducted using electrodes and electromotive force or using an electroless
process. Emissions are produced as small droplets of the solution in aerosol form due to
bubbling in the tanks caused by electrolysis or other processes such as air agitation
commonly employed to enhance the plating process.

In the electrolytic plating process, the parts are immersed in an acidic solution with ionic
nickel where a current is applied so that solid nickel is plated onto the parts. An
immersion heater can be employed in the plating tanks to maintain a desired plating bath
temperature. This type of plating employs a surface tension reducing agent to reduce the
surface tension to approximately 35 dynes/cm for purposes of minimizing pitting in the
plating process. The solutions within the tanks are agitated by pump recirculation and/or
by bubbling with air. Either a bright or semi-bright plated finish can be accomplished
depending on the additives in the plating solution. The tanks are equipped with rectifiers
to produce a low voltage high amperage DC current. According to the Lawrence J.
Durney, Electroplating Engineering Handbook, the metal parts are plated with a current
density of 20 - 50 amperes per square foot of plating surface area. The majority of the
existing nickel electroplating tanks are not vented by a dedicated ventilation system. The
buildings that house these processes, typically employ some type of ventilation system
which may be forced draft, natural draft, or cross draft in nature.

For the electroless nickel plating, the plating is driven by difference in electropotential.
The solution differs from the electroplating solution to enhance this process. For
electroless applications, since the solutions contain odiferous compounds such as
ammonia, the plating tanks typically include ventilation systems at a close proximity
above the plating tanks to draw emissions from the plating tanks out of the work space.
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The nickel platers also employ both hydrochloric acid and sodium hydroxide metal
treating processes. The hydrochloric acid process is an etching process in which
bubbling occurs due to gasses produced as the metal is etched. The sodium hydroxide
process can be employed in by spraying, electrocleaning, etching (for aluminum), or soak
cleaning with a detergent. Of the sodium hydroxide processes, the soak cleaning is
expected to produce the least amount of emissions, while the spraying is expected to
produce the highest.

Nickel Plating Operation During Testing

During testing, the nickel electroplating tank was operated during active plating for the
entire test period. Unlike either of the past testing efforts, the parts were not removed to

" simulate drag-out effects. This was done both because of the difficulty of removing parts
with the test hood in place and the belief that the drag-out process does not signiﬁcanﬂy
affect ernissions. Steel dummy parts were used as a plating substrate as shown in Figure
1. The number of dummy parts was selected by the facility as representative of normal
operation of the host tank. The parts were then measured for surface area and a plating
. amperage was selected for a plating current density of exactly 20 amperes per square
foot. This current density was chosen as to be as consistent as possible with the past
MFASC testing current density of 17 amperes per square foot while also remaining
within the range of normal nickel plating as specified in the Electroplating Engineering
Handbook. The chosen current density was also verified by discussion with the MFASC
to be appropriate for representing typical nickel plating. The parts were submerged
entirely in the plating solution.

The actual applied cwrrent density was calculated using the surface area of the dummy
parts. The tank was equipped with a circulation pump and filter system. During normal
operation, the circulation pump discharges the solution above the level in the tank which
was observed to produce a certain amount of splashing. During the non-air agitated tests,
the discharge was extended to below the level of the tank so that the splashing in the tank
would not affect the measurement of emissions from the plating. To achieve normal
operation under the air agitated condition, the discharge was maintained above the level
in the tank. Photographs of the host plating tank and the surface of the solution both with
and without air agitation are shown in Figures 2 through 7. The following are the
specifications of the nickel plating tank and the lists of operating conditions that were
monitored during the each of the test runs:
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Tank Dimensions Type of Plating
96”W x 120”L. x 63”H Semi-Bright Nickel

Operating Conditions Recorded During Testing - Air Agitation Run #1

Freeboard Height 4.0 inches
Plating Solution Temperature 139-142 °F

Plating Solution Nickel Content 585 oz/gal
Plating Solution Nickel Sulfate Content 18.7 oz/gal
Plating Solution Nickel Chloride Content 6.72 oz/gal .-
Plating Solution Boric Acid Content 4.03 oz/gal
Plating Solution pH 4.75 pH

Plating Solution Surface Tension 47.0 dynes/cm
Ampere-hour Usage 4827 A-hr
Elapsed Time Between A-hr Readings 223 hbr-

Plating Voltage 96 wvolts ,
Average Amperage Applied 2162 A-hr/hr
Calculated Current Density 20.0 A/
Number of Dummy Parts 23 channels
Total Surface Area of Plated Parts 108.2 f? . _
Plating Period within Test Run 120  min/ test run
Duration of Test Runs 120 min /test run
Capture Efficiency of Ventilation System 100 %
Ventilation Rate 522 acfm

Air Agitation Rate 499 scfm

Air Agitation Rate per Unit Solution Surface Area 0.52 scfm/ft?

Part Agitation Rate : 0 in/min
Solution Circulation Rate 40-50 gpm (estimated)

Solution Discharge Location 57  above surface
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Operating Conditions Recorded During Testing - Air Agitation Run #2

Freeboard Height ' 41  inches
Plating Solution Temperature 132-139 °F

Plating Solution Nickel Content 585 oz/gal
Plating Solution Nickel Sulfate Content 18.7 oz/gal
Plating Solution Nickel Chloride Content 6.72 oz/gal
Plating Solution Boric Acid Content 4.03 oz/gal
Plating Solution pH 475 pH .
Plating Solution Surface Tension 47.0 dynes/cm
Ampere-hour Usage 0 A-hr
Elapsed Time Between A-hr Readings 0 hr

Plating Voltage 0 volts
Average Amperage Applied 0 A-hr/hr
Calculated Current Density 0 A/
Number of Dummy Parts 0 channéls
Total Surface Area of Plated Parts 0 f?

Plating Period within Test Run 0 min / test run
Duration of Test Runs 0 min /test run
Capture Efficiency of Ventilation System 100 %
Ventilation Rate ‘ 535 acfm

Air Agitation Rate 49.9 scfm

Air Agitation Rate per Unit Solution Surface Area 0.52 scfm/ft?

Part Agitation Rate ‘ 0 in/min
Solution Circulation Rate 40-50 gpm (esfimated)

Solution Discharge Location 5"  above surface
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Operating Conditions Recorded During Testing - No Air Agitation Run #1

Freeboard Height 4.1  inches
Plating Solution Temperature 132-135 °F
Plating Solution Nickel Content 5.85 oz/gal
Plating Solution Nickel Sulfate Content 18.7 oz/gal
Plating Solution Nickel Chloride Content 672 oz/gal
Plating Solution Boric Acid Content 4.03 oz/gal
Plating Solution pH 475 pH .
Plating Solution Surface Tension 47.0 dynes/cm
Ampere-hour Usage 4792 A-hr
Elapsed Time Between A-hr Readings 2.68 hr
_Plating Voltage 9.5 wvolts
Average Amperage Applied 2159 A-hr/br
Calculated Current Density 200 A/fP
Number of Dummy Parts - 23 channels
Total Surface Area of Plated Parts 108.2 ¢
Plating Period within Test Run o : 120 min/ test run
Duration of Test Run 120  min /test run
Capture Efficiency of Ventilation System 100 %
Ventilation Rate 489 acfm
Air Agitation Rate _ 0  scfm
Air Agitation Rate per Utdit Solution Surface Area 0 scfm/ft®
Part Agitation Rate B 0 in/min
Sclution Circulation Rate 40-50 gpm (estimated)

Solution Discharge Location : 5" below surface
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Operatine Conditions Recorded During Testing - No Air Agitation Run #2

Freeboard Height 42  inches

Plating Solution Temperature 136-140 °F
Plating Solution Nickel Content 5.85 oz/gal
Plating Solution Nickel Sulfate Content 18.7 oz/gal
Plating Solution Nickel Chloride Content _ 6.72 oz/gal
Plating Solution Boric Acid Content , 4,03 oz/gal
Plating Solution pH 475 pH .
Plating Solution Surface Tension 47.0 dynes/cm
Ampere-hour Usage 4181 A-hr
Elapsed Time Between A-hr Readings - " 193 hr
Plating Voltage _ ' 9.6 volts
Average Amperage Applied 2162 A-hr/hr
Calculated Current Density 20.0 A/
Number of Dummy Parts : 23 channéls
Total Surface Area of Plated Parts 108.2 £
Plating Period within Test Run ‘ 120 © min/ test run
Duration of Test Run | 120 min/testrun
Capture Efficiency of Ventilation System . . 100 %

~ Ventilation Rate 517 acfm
Air Agitation Rate ‘ 0 scfm
Air Agitation Rate per Unit Solution Surface Area 0 scfm/ft*
Part Agitation Rate ' 0 in/min
Solution Circulation Rate 40-50 gpm (estimated)

Solution Discharge Location 5"  below surface
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TESTING METHODOLOGY

The testing consisted of two sets of duplicate two hour sampling runs with one set run
under the air agitation operating condition and the second set run without the air
agitation. The applied amperage during plating was obtained from a calibrated amp-hour
meter and the elapsed time. The amp-hour meter was calibrated by Atlas Testing
. Laboratories on May 13, 1998.

A temporary reduced draft ventilation system was designed and comstructed both to
1solate the process and collect the resulting nickel emissions in 2 manner to both facilitate
the emissions measurement and to address concerns by the MFASC. The main MFASC
concern was that a high flow ventilation system, such as a dedicated side-draft ventilation
system may produce higher emissions due to entrainment of large splashed droplets that
potentially fall back into the tanks or to the ground and may not become emissions to the
atmosphere.

The temporary reduced draft system was designed to simulate emissions to the
atmosphere of an unventilated tank. Mass emissions collected in the duct of a ventilated
tank may be higher due to this effect. The temporary ventilation system consisted of
40”L x 40“W x 56”H hood suspended at a distance of 8 inches above the solution surface
in the center of the host tank. The hood was vented to a small blower which was set to
achieve a specific velocity vertically through the hood. The height of the hood was 1.4
times the equivalent diameter of its base. A straight run of ducting between the hood and
the blower was used to isolate and measure the emissions from the tank.

Clear plastic sheets were used to cover the uncovered porticn of the host tank. The
plastic was also suspended at a height of 8 inches above the solution surface. Two
openings of approximately 8 inches wide were left at either of the shorter 8 ft. sides of
the tank to allow air to enter the space above the tank The hood and tank cover vent
system operated as follows: The air entered at both of short ends of the tank and swept
across the space between the tank and cover at a specified velocity. The air then flowed
into the hoed and traveled upwards through the hood at the specified velocity. Both the
hood and the space above the tank acted as a settling zone where larger droplets that
would normally not be carried away from the tank are allowed to fall back into the tank.
By using a hood that has a smaller cross section than the tank, a lower dilution air rate
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can be employed. The use of this lower dilution air rate has the advantage of increasing
the concentration in the duct which results in a lower relative error in the ‘emission
measurement. The approach also has the advantage of making the effects of
contamination such as that in the ambient air to be much less significant as compared to
that experienced in the past MFASC test. A schematic of this emissions capture system is
shown in Figure 8. A photograph of the hood connected to the host tank is shown in
Figure 9.

The appropriateness of the hood height was determined by a small scale 16"W x 20”L x
25”H hood connected to a small blower to simulate the full scale design. At a ventilation
rate of 50 ft/min as determined by a calibrated vane anemometer, the height of the hood
was sufficient to create a uniform velocity over the lower cross-section of the hood and
maintain this uniformity for the lower one third of the hood. This was done to £nsure that
no high or low velocity zones were present as to defeat the purpose of the hood in its
lower section. '

As discussed in meetings with SCAQMD Methods and Testing staff and MFASC, the
specific velocity was chosen to be approximately 50 ft/min. This specific velocity was
chosen for the following reasons: '

1. The velocity is considered as the minimum velocity at which 100% capture of actual
emissions to the atmosphere can be achieved. This was verified using the small scale
capture hood and a smoke test.

2. The velocity is sufficiently low as to not overestimate the range of velocities that may
be encountered in a building that houses the process. This is important since these
internal air currents are responsible for transporting the emissions to the atmosphere.
For purposes of comparison, 50 ft/min equates to 0.57 miles per hour. Assuming that
outdoor wind speeds typically vary from 3 -10 mph, it is not unreaéogable to assume
that 0.57 mph indoor air movements can be induced either by open doors, or the
building’s ventilation system. '

3. According to the American Conference of Governmental Industrial Hygienist
Industrial Ventilation Manual, 50 fpm is the indoor air speed created by an effective
air conditioning system.
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4. Calculations of settling velocity of small aerosols shows that small aerosol droplets
less than 10 microns in diameter are capable of remaining airborne for several
minutes, and much longer in moving air.

5. Past testing for cadmium emission factor has been successfully employed using a
similar capture velocity.

Two large doors on the west side of the building provided a limited supply of outside air
to the building. This air flow path in the building was studied by smoke test. The air in
the building was observed to enter through the doors and exit through the roof vents
above the tank area. The space immediately above the tank area, however, was observed
to be stagnant. The exhaust from the hood was directed into the path of the air flowing
through the building so that the nickel was swept from the building to avoid the affects of
hood exhaust recirculation.

The sampling was conducted on a weekend so that background nickel in the building was
allowed to either ventilate or settle out of the building air overnight. " The non-air
agitation tests were conducted before the air agitation tests to minimize the amount of
background nickel present both in the air and in the collection equipment during the non-
air agitated test.
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SAMPLING AND ANALYTICAL PROCEDURES
Flow Rate

The gas velocity within the sampling duct was measured during each sampling run at
eight points within the duct cross section as according to SCAQMD Methods 1.2 and 2.3.
This was performed simultaneously withi the pollutant sampling using a NIST traceable
standard type Pitot tube with a differential pressure manometer, and a type "K"
thermocouple with a potentiometer (Figure 10). The apparatus was checked for leaks
both before and after use by introducing a pressure head and blocking the flow at the
Pitot tip. An observation of the resulting stabilization in pressure at the manometer
verified the absence of lgaks in the system. The stack's access ports were logated using
the approach of SCAQMD Method 2.3 for ducts of less than 12 inches in diameter,
Using this approach, the sampling access ports were located approximately eight stack
diameters downstream and greater than two stack diameters upstream from flow
disturbances. The velocity access ports were located approximately five stack diameters
downstream from the sampling access ports and greater than two stack diameters
upstream from a flow disturbance. This configuration meets the minimum and most of
the preferred SCAQMD Method 1.2 requirements for measurement site location.

A cyclonic flow check was also performed to check for the presence of flow that is non-
parallel to the duct wall which can cause a bias in the flow measurement. This was
accomplished by rotating an S-type Pitot tube at each traverse point until a zero pressure
differential results at the gauge. The null angle is determined with an inclinometer as the
deviation of the Pitot angle with respect to a plane perpendicular to the theoretically
straight duct flow. Data from the cyclonic flow check shows that the duct does not
exhibit cyclonic flow as defined in Method 1.1.

The volumetric flow rate was calculated for each sampling run using the stack's cross
sectional area and average gas velocity. The flow rate was corrected to standard
conditions by using the stack temperature and pressure along with the barometric pressure
measured with a calibrated aneroid barometer. The flow rate was also corrected to dry
conditions using the moisture content as determined by the SCAQMD Method 4.1 weight
gain from the nickel sampling train as described in the following section.
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Nickel Sampling - Modified CARB Method 433

A nickel sample was collected during each sampling run using Modified CARB Method
433. The modification was the same as that employed by MFASC contractor, PES,
which consists of the use of a back-up filter as opposed to the up-front heated filter.

The sample was collected from the locations within the sampling duct previously
described in the velocity measurements. Each sample was collected over a period of 120
minutes using a sampling train consisting of a glass probe and nozzle connected by a four
foot length of non-reactive tubing to the first of two Greenburg-Smith impingers each
containing 100 m! of 0.1N nitric acid solution, an empty bubbler, a 0.5 micron glass fiber
back-up filter, and a bubbler containing tared silica gel desiccant.

The impinger assembly was connected to a vacuum pump and a calibrated dry gas meter -
as shown in Figure 11. The sampling apparatus was checked for leaks both before and
after sampling by blocking the flow at the probe tip. An observation of the resulting
decrease in flow at the meter to less than 0.02 cfm or four percent of the sampling rate
indicated an acceptable leak rate. The impinger train was contained within an ice bath to
condense water and other condensable matter present in the sample stream.

The impinger train was returned to the SCAQMD laboratory for recovery. The recovered
solutions were dissolved in concentrated nitric acid and boiled down according to CARB
Method 433 and sent to West Coast Analytical Service, Inc. for analysis. Nickel
collected in the nozzle, probe, impingers, and filter was determined using CARB Method
433 by Inductively Coupled Plasma Mass Spectrometry (ICPMS).

At the request of the MFASC, workplace background sampling within the plating facility
was conducted. The workplace background samples were collected using the same
configuration and analysis as that used for emissions sampling. The samples were
collected at a distance of approximately three feet from the plating tank in the upwind
direction with respect to airflow in the building at approximately the same height that the
air entered the collection hood. The first workplace background sample represents
composite sampling of the facility air during the non-air agitation runs. The second
workplace background sample represents composite sampling of the facility air during the
air agitation runs. A blank field sample train was also analyzed as above for quality
control purposes.
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Capture Efficiency

The capture efficiency was determined by a smoke test. The smoke test was
accomplished using titanium chloride smoke generating tubes. This technique can be
used to verify 100% capture or conversely less than 100% capture by observing the flow
of the smoke into the capture hood. The observation of complete capture of the smoke
indicated 100% capture efficiency. The smoke test was conducted at both of the open
- ends of the tank between the temporary capture sheets and the tank. Photographs of the
actual smoke test are shown in Figure 12.

The height of the capture hood and the ventilation rates were adjusted in an attempt to
achieve the 50 ft/min specified velocity vertically within the hood as well as horizontally
across the tank. The actual velocities achieved during each sampling run were calculated
from the ventilation flow rate and the cross sectional areas. The results of these
calculations are presented in the following table:

. .. .| Horizontal Veloci
Run # Vent Velocity (fps) Vert;;:al "1Veloc1ty - Between Hood antg
ood (fpm) Ténk (fom)
. Run #1 with Air 32.56 47.5 49.4
Run #2 with Air 33.34 48.6 : 50.6
Run #1 no Air 30.49 445 46.3
Run #2 no Air 32.23 47.0 48.9

Where: '

Vent Cross Section (7.0” diameter) = 0.267 ¢

Hood Cross Section (40” x 40“)=11.11 f

Gap Cross Section (8.0” avg. between cover and solution from both 8 ft. ends) = 10.67 f*
Vent Velocity is taken from the flow rate calculations :
* Vertical Velocity = Vent Velocity x 60 s/min x Vent Cross Section / Hood Cross Section
Horizontal Velocity = Vent Vel. x 60 s/min x Vent Cross Section / Gap Cross Section
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Air Agitation Rate

To measure the air agitation rate, a five gallon plastic bucket was inverted and submerged
to approximately one third of its height into the plating solution to create an air-tight seal
at the bucket’s perimeter. The bucket was moved across the surface of plating bath as to
encompass the average air agitation rate in the tank while maintaining the bucket at a
constant submersion height. A tap on the unsubmerged side of the bucket was connected
to a calibrated gas meter to measure the volume of air collected in the bucket during
which the elapsed time was also recorded. This technique was checked for accuracy in
the laboratory by bubbling a known amount of air into the bottom of a water bath. The
bucket technique was successful in duplicating the measurement of the gas metered into
the bottom of the tank.

The air agitation rate as determined by this method was reported in units of scfm. Since a
60 °F temperature compensated meter was used at atmospheric pressure, the readings
were taken at very close to standard conditions. The moisture in the tank was, for the
most part, condensed in the line between the bucket and the meter. A residual moisture,
however, of approximately 2 - 5% remained in the metered air as it passed through the
line. For this reason, the air agitation rate was not reported as a dry flow rate.
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TEST CRITIOUE

An effort was made to duplicafe the operating conditions of the past MFASC testing to
the extent possible. A comparison of the key operational parameters recorded during
testing to the past MFASC testing, as well as the past SCAQMD testing is shown in the

table below.

Comparison of Key Operation Parameters for the Recent Nickel Plating Tests

Process Parameter | MFASC Test Foss | SCAQMD Test at SCAQMD Test at
Foss California Technical
Plating Current 17 amperes/fiyes | 20 amperes/ft e 23 amperes/ft’pans
Density
not able to 0.52 acfm/ffun =
Air Agitation Rate determine not adjusted from 0.87 acfin/ft
accurately time of MFASC test
Plating Solution 137-145 °F 132-142 °F 119-124 °F
~ Temperature
Plating Solution | 10.3 - 12.6 oz/gal 5.9 0z/gal 10.4 oz/gal
Nickel Content ,
Plating Solution 5.8 - 8.3 oz/gal 4.0 oz/gal 7.6 0z/gal
Boric Acid Content
Plating Solution pH 34-43 4.8 2.0
Plating Solution 342-359 47.0 dynes/cm 37.9 dynes/cm
Surface Tension dynes/cm :
Solution Discharged Above | Below Level wo/air Below Level no
Recirculation ‘Solution Level Above w/air Bubbling
Number of Drag- 6 0 6
Out Events per Run
High Dilution, High | Low Dilution, Close | Medium Dilution,
Capture Technique Distance, Low - Proximity, <50 Close Proximity,
Velocity ft/min <50 ft/min
Sampling Technique | SCAQMD M1-2, SCAQMD M1-2, SCAQMD M1-2,
CARB M433 CARB M433 CARB M433
Duration of Test 120 min 120 min 120 min
Runs
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21865 E. Copley Drive, Olamond Bar, CA §1765-4182 (909) 3562000

Source Test No. 98-112 -19- Dates 10/24 & 10/25/98

The emissions for the non-air agitation runs were higher than the emissions with air
agitation. It was expected that the air agitation emissions would be higher than the
emissions without the agitation due to the agitation effect as well as observations as stated
in SCAQMD Source Test #98-109. The non-air agitation test results were an order of
magnitude higher than the past SCAQMD and MFASC tests. During discussions, the
MFASC indicated that the increase in non-air agitated emissions was likely due to plating
with an unusually low nickel solution concentration causing a low plating efficiency and
increased bubbling and nickel emissions. A higher surface bubbling rate was observed
during testing as compared to the past SCAQMD testing.

The air agitation run with plating was 17% lower than the air agitation run without
plating. Furthermore, the two results are considered as within typical run to run
variations from each other. This may suggest that during air agitation, the air agitation is
the primary mechanism for the emissions and that the air agitation may partially or
completely negate the mechanism for plating emissions. The agitation may have the
effect of coalescing with the plating bubbling or perhaps forming larger size bubbling on
the surface which masks the effect of the smaller plating bubbling but creates an emission
characteristic of its own. It is thought that air agitation will typically result in a net
increase in emissions since the agitation is inherently active for a longer period of time
than the plating, and since plating emissions can be lower depending on the application.

The measured workplace background concentration for the non-air agitated condition was
less than cne percent of that measured in the capture vent for emissions sampling. The
measured workplace background concentration for the air agitated condition was
approximately seven percent of that measured in the capture vent for emissions sampling.
Although both sets of test runs each began after an overnight period of non-production to
minimize background interference, the air agitation background on the second day of
testing was significantly higher than the non-air agitation test. This increase was due
primarily to the presence of another nicke] tank in the area of the host tank. During the
non-air agitation test, this nearby tank did not have a significant effect on the testing since
it was not in production during the test period. During the air agitation tests, however,
the air agitation in the nearby tank was active, The reason for this was due to the
facility’s inability to run only one tank with agitation and also to avoid non-normal
operation of the host tank. The workplace background samples were positioned in the air
steam between the two tanks so that potential contamination would be detected.



South Coast
Air Quality Management District

AOMO 21868 E. Copley Drive, Diamond Bar, CA 91765-4182 (909) 396-2000

Source Test No. 98-112 -20- Dates 10/24 & 10/25/98

Although the air agitatioﬁ workplace background was significantly higher than that of the
non-air agitation test, both are considered as having a very low significance on affecting
the emissions measured in this source test.

The blank sample detection was less than one percent of that detected in the emissions
samples. The contribution of the blank is therefore considered as having a very low
significance on affecting the emissions measured in this source test.

The precision of the sampling as indicated by the consistency of the duplicate sampling
results is well within that which is generally experienced and considered acceptable for
this type of sampling.
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A0MD 21865 E. Copley Drive, Dlamond Bar, CA 917654182 (909) 396-2000

Source Test No. 98-112 7 -21- Dates 10724 & 10725/98

CONCLUSION

The results of the test are considered as both sufficiently accurate and precise for use in
determining nickel emission factors, The representativeness of the operating conditions,
however, of this or the other tests, is considered as out of the scope of the test reports.
This report is limited to the presentation of the data, the operating conditions,
observations, and limited comments on typical operation. The selection of the various
test results that are considered as typical or suitable for developing an emission factor
will also be left to discussion beyond the presentation of the data in the source test
reports.

During discussions, the - MFASC indicated that the increase in non-air agitated emissions
from this test, was likely due to plating with an unusually low nickel solution
concentration causing a low plating efficiency resulting in increased bubbling and nickel] -
€missions.

Due to the similarities between emissions with the air agitation run with plating and the
air agitation run without plating, the air agitation may be indicated as the primary
mechanism for the emissions. This may also indicate that the air agitation may partially
or completely negate the mechanism for plating emissions. Furthermore, because of the
presumed independence of the air agitation mechanism, the aforementioned MFASC
concern regarding low mickel concentration and low plating efficiency is thought to have
much less of an effect on the air agitation tests. For this reason, the air agitation results
may be considered as more typical than the non-air agitation results.

Unlike the other tests in this project, a recommendation on the emission factor in which
units would best represent actual emissions will not be made for this report. The reason
is that, at the time of this report’s issue, further discussion is taking place on which of the
data from the various test will be used. Some guidance, however, is given as follows:

If the Ib/hr-ft’ factor is used, emissions would be determined by multiplying the factor
by sy as determined using the horizontal internal dimensions of a given tank, and also
multiplied by the hours of air agitation for emissions during a specified time period. Itis
suggested that this factor is not well suited for non-air agitation applications due to the
mechanism for the emissions being relatively independent of tank surface area.
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AQHD 21865 E. Copiy Drive, Dlamond Bar, CA 91765-4182 (909) 395-2000

Source Test No, 98-112 -22- Dates 10/24 & 10/25/98

If the Ib/hr-ft’ ., factor is used, emissions would be determined by multiplying the factor
by ft’pans as determined using the average total surface of parts that are plated in the tank,
and also multiplied by the hours of plating during a specified time period. It is suggested
that this factor is not well suited for air agitation applications due to the mechanism for
the emissions being relatively independent of part surface area.

If the Ib/hr-scfm,; factor is used, emissions would be determined by multiplying the
factor by scfm of air agitation and also multiplied by the hours of air agitation for
emissions during a specified time period. If the bucket method is used to determine the
air agitation rate, the scfm/ft’,y result would be multiplied by the ffuy as determined
using the horizontal internal dimensions of a given tank to determine scfm,;. This factor
would not be appropriate for non-air agitation applications. '
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Source Test No. 98-112 23

Cross Section of Dummy Part Channels

]

Pieces on Rack #1
4,00 inch_ ' 1-41 Length

10- 3 1. Lengths

Thickness - 0.125 Inch

1.75 inch ———

Total Length of Pleces =88 ft.
Total Perimeter of Cross Section = 14,75 ft. = 1.23 fi.

Total Surface Area of Parts = 1.23 ft. x 88 . = 108.2 sq. ft.

Figure 1 - Dummy Parts

Dates 10/24 & 10/25/28

Pieces on Rack #2
3-61. Lenths

8-41. Lenths
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Source Test No. 98-112 -24- Dates 10/24 & 10/25/98

Figure 2 - Photograph of Host Nickel Plating Tank
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Source Test No. 98-112 ‘ -25- Dates 10/24 & 10/25/98

Figure 3 - Photograph of Plating Solution Surface with Air Agitation
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Source Test No. 98-112 -26-

Dates 10/24 & 10/25/98

Figure 4 - Photograph of Plating Solution Surface Without Air Agitation
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AQMD

Source Test No, 98-112 . -27-

Dates 10/24 & 10125/98

Figure 5 - Close-Up Photograph of Plating Solution Surface with Air Agitation
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Source Test Na. 98-112 -28-

Dates 10/24 & 10/25/98

Figure 6 - Close-Up Photograph of Plating Solution Surface Without Air Agitation
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ADMD

Source Test No. 98-112 - -29- Dates 10/24 & 10/25/38

Figure 7 - Photograph of Plating Solution Surface with Air Agitation and Circulation
Discharge above Surface
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ALMD 21865 E. Copley Drive, Diamond Bar, CA 917654182 (909) 396-2000
Source Test No. 98-112 -30- Dates 10/24 & 10/25/98
Fiexibie Ducting
Connected to Straight
Sampling Duct

~

Coliection Hood
Sampling
Ports
E?f Vertical Alr Velochty InHood |56 *
© {biower flow rate adjusted .
Plastic Sheet o 1o achieve S0 fimin) Horizontal Alr Velocity Into Spac
8
m’ MWA?GV:' ﬂ\ )]\ /l\ (height of hood adjustad
D 1 Over Sides 40" 10 achlsve 50 ft/min)
3
—~—> &
\) 8" z
[Velocity : _ 4
Ports . )
O o
Semi-Bright Nickel Plating Tank
Blower

Figure 8 - Temporary Ventilation System with Sampling Location
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21865 E. Coplay Drive, Dlamond Bar, CA 917654162 (90§) 396-2000

Source Test No. 58-112 : -31- Dates 10/24 & 10/25/28

Figure 9 - Photograph of Temporary Ventilation System with Sampling Location
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Source Test No. 98-112 . -32- Dates 10/24 & 10/25/98
Digital
0 Potentiometer
Thermocouple

Standard Type Pitot Tube g:}»

Static Holes

e

Gas Flow

Differential Pressure Manometer

Distance from Inner

Traverse Point # Stack Wall (in)
1,5 . 0.5
2,6 1.75
3,7 5.25
4.8 6.5

- Access Ports
J—

Duct Cross-Section
Diameter 7 In

Figure 10 - Flow Rate Measuring Apparatus
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Source Test No. 88-112 -33- Dates 10724 & 10/25/98

Glass Connectors ' .
/\ _ 0.5 Micron Teflon Back-up Filter

§E2
~ )
D
(D

Gas Meter

0.1N Nitric Acid \/ SiicaGel — ' lceWaterBath Pump

Figure 11 - Nickel Sampling Apparatus
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Source Test No. 98-112 -34- Dates 10/24 & 10/25/98

Figure 12 - Photographs of Smoke Test for Capture Efficiency
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Source Test No. 98-112 -35~ Dates 10/24 & 10/25/98

SOURCE TEST CALCULATIONS

Average Velocity and Temperature

Run #1 with Air Agitation

Veiocity + {Calculated
Traverse [ Head #1 | Temp. | Velocity
Paint# | (H0) | (F) | (o)
1 0.21 114 31.84
2 0.20 112 31.02
3 0.20 110 30.96
- 4 0.22 112 32.53 =
5 0.23 119 33.47
6 0.20 118 31.18
7 0.20 117 31.15
8 0.25 118 34.86
Average Ve!oci;.z ‘fgsz 32.13
IAverage Temperature (F) - 115
Run #2 with Air Agitation
Velocity Calculated
Traverse | Head #1 Tenmp. Velocity
Point# | ("H:0) | (°F) (fps)
1 0.22 114 3259
2 0.23 113 33.29
3 0.22 114 32.59
4 0.26 111 3533
* 5 0.20 112 31.02
& 0.21 112 31.78
7 0.21 11 31.78
-8 0.26 110 35.30
JAverage Veloci 32.96
Average Temperature (F) - 112.125

Where: Calculated Velocity =2.9 x [Velocity Head x (460 + Temperature)]®*
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[ESITN] 21865 £ Capiay Drive, biamona 8ar, Ca 917654182 (909) 396-2000

Source Test No. 98-112 -36- Dates 10/24 & 10/25/98

SOURCE TEST CALCULATIONS

Average Velocity and Temperature

Run #1 No Air Agitation

Velocity Calculated
Traverse | Head #1 | Temp. | Velodity

Pant# | ('H0) | (F) (fps)

1 0.18 85 28.99

2 0.24 96 33.50 -

3 0.21 97 31.36

4 0.186 104 27.55

5 - 0,47 108 28.50

6 0.19 110 30.18

7 0.18 i1 30.21

8 0.22 110 3247

lAverage Veloc S) 30.34
[Average Ternperature ('F) - 103.875

Run #2 No Air Agitation
Velocity Calculated
Traverse | Head#1 | Temp. | Velocity

Point# | (H:0) | CF) (fps)
1 0.21 110 31.73

2 0.25 110 34.62

. 3 0.21 112 31.78
4 0.22 11 32.50

5 0.23 114 3332

6 0.21 115 31.87

7 0.18 111 29.40

8 - 0.20 108 30.94

JAverage Veloci Jf' S 32.02
jAverage Temperature EEF) - 111.5

Where: Calculated Velocity = 2.9 x [Velocity Head x (460 + Temperature)]*?
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21385 E. Copley Drive, Dlamend Bar, CA §1765-4182 (909) 3§6-2000

Source Test No. 98-112 -37- Dates 10/24 & 10/25/98

SOURCE TEST CALCULATIONS
Flow Rate and Emissions for Run #1 with Air Agitation

Sample Train: Nickel Train #3 Input by: M.Garibay

SUMMARY

B. Gas Meter Tempsrature (Use 60 deg.F for Temp Comp. Meters)....................coooooo. 92 deg F
C. Gas Meter Carrection Factor.... . et e e e 1.0023

D. Average Orifice Pressure......... 1.09 "H20
E. Nozzle D1=metsr 0.2473 inch
F1. Stack Dimension #1.............. 7 inch

F2. Stack Dimension #2.............. inch M. Pitot Correction Factor........... 1.00

G. Stack Cross Sect. Area.......... 0.267 2 N. Sampling Time.........oo........... 120 min
H. Average Stack Temp.............. 115.0 degF O. Nozzle X-Sect. Area............. 0.00033 #

|. Baremetric Prassure................ 29.892 "HgA P. Sample Collection.... - 1.17 mg
J. Gas Meter Pressure (I+(D/i138 30.00 “HgA Q. Sample Collection.................. 117 mg
K. Static Pressure.......c.............. 0.57 *H20 R. Watar Vapor Condensed........ 108 mi
L. Totat Stack Pressure {I+(K/13. 20.88 "HgA S. Gas Volume Metered............. 70.153 dcf
T. Comrected Gas Volume [(S x J/29.92) x 520/(460+B) x C........... ... 66.416 dscf
PERCENT MOISTURE/GAS DENSITY
U. Percent Water Vaporin Gas Sample {(4.64 x R)/((0.0464 x LR 0 ) WO 7.08 %
V. Average Molecular Waight (Wet):
Component Vol. Fract. x  Moist. Fract. x Molecular Wt = Wt/
Water 0.071 1.000 18.0 . 1.27
Carbon Dioxids 0.000 Dry Basis 0.529 44.0_ . .0.02
Carbon Monoxide 0.000 Dry Basis 0.929 28.0 , 0.00
Oxygen 0.209 Dry Basis 0.929 320 R 6.21
Nitrogen & Inerts 0.781 Dry Basis 0.829 28.2 , 20.72

Sum 28.22
FLOW RATE *
W. Gas Density Corraction Factor (02 R T OO 1.01
X Velocity Pressure Corraction Factor (29.92/L105.........ovvrriecceoreseeeee oo 1.00
Y. Corrected Velocity (Ax M x Wx b4 FOTRS ernrresvntns s st es s ennennes 32.56 fps
Z. Flow Rate (Y X G X 60)......cuuuurereereeseemsmsnnsieseososeeeeeesesessorseee oo oo . 522 ofm
AA. Flow Rate (Standard) {Z x (L/29.92) x [S20/(460+H)]... . 472 scfm
BB. Dry Fiow Rate (AA X (UH00)).........ueeuceeemecvemsrnsesasssioeeeeer oo oeosessoeoe 438 dscfm

SAMPLE CONCENTRATION/EMISSION RATE

CC. Sample Concentration [0.01543 x L ) R OSSR
DD. Sample Conc. [54,143xCC/ 58.7 (Molecuiar Wt.)}
EE. Nickel Emission Rate (0.00857 X BB XCC)..cccerrvrrmemrerviesrreesree s oo

FF. Nickel Emission Rate [{.0001322x Q x BByT]...... reesnaeresteranresiens 1.02E-03 Ibvhr
GG. Isokinetic Sampling Rate [(G x T x 100N x O x BBt e 101.2 %
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[ExEX] 21865 E. Copeey Diive, Diamond Bar, CA 917654182 (909) 396-2000

Source Test No, 98-112 -38- Dates 10/24 & 10/25/38

SOURCE TEST CALCULATIONS
Flow Rate and Emissions for Run #2 with Air Agitation

Sample Train: Nickel Train #7 Input by: M.Garbay
SUMMARY
A. Average Traverse Velocity... . 3296 fps

B. Gas Mater Temperature (Use 60 deg F for Temp Comp Meters) ...... 99 deg F

C. Gas Meter Carrection Factor... - 1.0023

D. Average Orifice PrESSUIe.......cocoiiivviris irinie s s e e e et et 1.08 "H20

E. NOZZIO DHAMIBEEL. oo ee e ceeerr s eeeeaeee s e srsseiass srssnimasesstasnsesstionsreasmtnssmnssnsssenssses . 2830  INCH

F1. Stack Dimension #1.............. 7 inch

F2. Stack Dimension #2.............. inch M. Pitot Correction Factor........... 1.00

G. Stack Cross Sect. Area... 0.267 f2 N. Sampling Time.............. 120 min

H. Average Stack Temp...... 112.0 degF O. Nozzle X-Sect Area............... 0.00032 ft

|. Barometric Pressure................ 29.82 "HgA P. Sample Callection...... 1.35 mg

J. Gas Meter Pressure (1+(D/13.6 30.00 "HgA Q. Sample Coliection.................. 135 mg

K. Static Pressure... £0.57 "H20 R. Water Vapor Condensed........ 831 ml

L. Total Stack Pressura (I+(K/13 29.88 "HgA S. Gas Volume Metered.............. 70.728 dcf

T. Corrected Gas Volume [(5 x J/29.92) x 520/(460+B) X C...eovnrre e 66.121 dscf

PERCENT MOISTURE/GAS DENSITY

U. Percent Water Vapor in Gas Sample ((4.64 x R)/{((0.0464 X R) + T).eecevvrvernivasernsrrercns 613 %

V. Average Molecular Weight (Wet):

Component Vol. Fract x  Moist Fract X Moiecular Wt = Wt/

Water 0.061 1.000 18.0 s 1.10

Carbon Dioxide 0.000 Dry Basis 0.838 440 . 0.02

Carbon Monoxide 0.000 Dry Basis- 0.939 28.0 , 0.00

Oxygen 0.209 Dry Basis 0.839 320 . 6.28

Nitrogen & Inerts 0.791 Dry Basis 0.839 28.2 . 2093

Sum 28.33

FLOW RATE N

W. Gas Density Corraction Factor (28.95/WVIN5. ..o 1.01

X Veloceity Pressure Correction Factor (29 92/1.)“ 5... 1.00

Y. Corrected Velocity (Ax M x Wx X).... R 33.34 fps

Z. Flew Rate (Y x G x 60).... 835 cfm
~ AA, Flow Rate (Standard) {Z X (Lf29 92) X [520/(460+H)]} 485 scfm

BB. Dry Fiow Rata (AA X (UM00))c.cccciiniiinimieriusimnersimsissiesstornn s oseissnssnssess s sesmsonssesassansaas 456 dscfm

SAMPLE CONCENTRATION/EMISSION RATE

CC. Sampte Concentration [0.01543 x (P/T)].... reerrerraeesranrnsesnssmsesnesrensannenne o1 OE-04 gridsct

DO. Samplte Conc. [54,143xCC/ 587 (Molecular WL)].. ... 0.28058 ppm

EE. Nickel Emission Rate (0.00857 x BB xCC).... 1.23E-03 lb/hr

FF. Nickel Emission Rate [{.0001322x Q x BBJIT] 1.23E03 Ivhr

GG. Isokinetic Sampling Rate [(G x T x 100)/(N x O x BB)l 99.9 %
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21865 E. Copiey Drive, Dlamond Bar, CA 917654182 (909) 396-2000

Source Test No. 98-112 ‘ -39- Dates 10724 & 10/25/98
SOURCE TEST CALCULATIONS
Emissions for Ambient with Air Agitation
Sample Train: Nickal Train #4 . Input by: M.Garibay
SUMMARY
A Average Traverse VOIOCtY. .......co.uuuiveeereeennerivermseesssssnssecsesemsesemsessses s ees oo fps
B. Gas Meter Temperature (Use 80 deg.F for Temp Comp. Maters).......ovvevieieioieeene. 100 deg F

C. Gas Meter COmBCHON FACON.........crieeseremseremesrssssesesessose e cooremsesssseeseesess oo 1.0042

D. Average Orifice Pressure..........ccecvreieeecvenrnvenne e, “ 210 "Hz20
E. Nozzle Diametar......cccoiviieeceeee e eeeeereeeeeeveenen s inch
F1. Stack Dimension #1.............. inch

F2. Stack Dimension #2.............. inch M. Pitot Comrection Factor...........

G. Stack Cross Sect. Area.......... ft2 N. Sampling Time............... 285 min
H. Average Stack Temp.............. deg F 0. Nozzle X-Sect. Area ft

|. Barometric Pressure................ 2992 "HgA P. Sample Collection................... 0.306 mg
J. Gas Meter Pressure (1+(D/13.6 30.07 "HgA Q. Sample Collection.......... 0.308 mg
"K. Static Pressure...................... "H20 R. Water Vapor Condensed........ 71.4 ml
L. Total Stack Pressure (1+(K/13. "HgA S. Gas Volume Metered.............. 228.859 dcf
T, Corrected Gas Volume [(S x Ji29.82) x S20/(4804B) X C.ovreremrcrierii e er s 214.506 dscf

PERCENT MOISTURE/GAS DENSITY
U. Percent Water Vapor in Gas Sample ((4.64 x RY((C.O464 X R) + T)).eoeoeo e, 152 %

V. Average Molecular Weight (Wet):

Component Vol. Fract. x  Moist Fract. b 4 Molecular Wt. 2 Wt/
Water 0.015 1.000 18.0 , 0.27
Carbon Dioxide 0.000 Dry Basis 0.985 44.0 ) ,0.02
Carbon Monoxide 0.000 Dry Basis 0.885 280 R 0.00
Oxygen 0.209 Dry Basis 0.885 - 320 , 6.59
Nitrogen & Inerts 0.791 Dry Basis 0.985 -28.2 . 21.86

Sum 28.83
FLOW RATE .
W. Gas Density Comrection Factor (28.95/V)A5...........oevecvereeeeemmeereeess oo oo 1.00
X Velocity Pressure Corrsction Factor (20.92/L145...
Y. Corrected Velocity (AX M x Wx X....ocoonnnn..n. fps
Z. Flow Rate (Y X G X BO).ccoeroeecrrnsiniversscsmcsecssessemsessenesssesssesoms oo s ofm
AA, Flow Rate (Standard) (2 x (L/29.92) x [520/(480+H)D....ccoreeereerrenrn... scfm
BB. Dry Flow Rate (AA X (UM00))...c..ucomiueicerecan e nrs s oseesssesemessssssssmsssess s dscfm
SAMPLE CONCENTRATION/EMISSION RATE
CC. Sample Concentration [0.01543 X (P/T)]cuv.ccuerermme e semeeeeomsesemssssesseessemsenseeseseeses 2.20E-05 gridscf
DD. Sampie Conc. [54,143xCC/ 58.7 (Molecular W) “ rrernisereceraresans 0.02030 ppm
EE. Nickel Emission Rate {0.00857 X BB XCC)...o..vevveriirereressevesssersesssasesssossseommsos s Ib/hr
FF. Nickel Emission Rate [(.0001322 % Q X BBV T]....ccovvvieecmrvererssoeseeoens oo Ib/hr
GG. Isokinetic Sampiing Rate [(Gx T x 100M(N X O X BB)}ovvveeereeeereeeeoeeoeosooo e, %
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Source Test No. 88-112 . -40- Dates 10/24 & 10/25/98

SOURCE TEST CALCULATIONS
Flow Rate and Emissions for Run #1 No Air Agitation

Sample Train: Nickel Train #2 Input by: M.Garibay
SUMMARY
A. Average Traverse Veloclty - 30.34 fps
B. Gas Meter Temperature (Use 60 deg F for Temp Comp Meters) 895 deg F
C. Gas Meter Correction Factor... e eaeer s 1.0023
D. Average Orifice Pressure.......... 2.67 “H20
E. Nozzle DIameter. . ...ccoocees ettt vt v rieen v e s creenrenmsserssane e s ssssesesseeesennrneeeemnne 0.3125 inch
F1. Stack Dimension #1... 7 inch
F2. Stack Dimension #2...... inch M. Pitot Comrection Factor........... 1.00
G. Stack Cross Sect. Area.......... 0.267 f2 N. Sampling Time............. 120 min
H. Average Stack Temp...... 104.0 degF O. Nozzle X-Sect Area............... 0.00053 #
1. Barometric Pressure................ 3C.00 "HgA P. Sample Collection.................. 2.85 mg
J. Gas Meter Pressure {|+(D/13.68 30.20 "HgA Q. Sample Collection.................. 285 mg
K Static Pressure...........coooveeeeee. -0.50 *H20 R. Water Vapor Condensed........ 79.4 mi
L. Total Stack Pressure (I1+(K/13. 2996 "HgA S. Gas Volume Metered.............. 110.584 dcf
T. Comected Gas Volume [(S x J/29.92) x S20/{480+B) X C.....cocvveveieeecereereenrresssserensenns, 104.808 dsct
PERCENT MOISTURE/GAS DENSITY
U. Percent Water Vapoer in Gas Sampie ({4.64 x RY((0.04684 X R) + T))uc.cevrevvrrrirorerenennns 3.40 %
V. Average Molecutar Weight (Wet):
Component Vol. Fract. x  Moist. Fract. x Molecular Wt =, Wt/
Vater 0.034 1.000 18.0 R 0.61
Carbon Dioxide 0.000 Dry Basis 0.966 44.0 , 0.02
Carbon Monoxide 0.000 Dry Basis 0.966 28.0 , ,0.00
Oxygen 0.208 Dry Basis 0.966 320 , 6.46
Nitrogen & Inerts 0.781 DryBasis . 0.866 28.2 , 21.54

Su.m 28.63
FLOW RATE '
W. Gas Density Cormaction Factor (28.95/VI.5. ..o eecreecrveessesressssosesssssssonsnssne 1.01
X Velocity Pressure Correction Factor (29.92/L4.5 1.00
Y. Corrected Velocity (Ax MxWx X)....cccocoviiiennn - 30.49 fps
Z. Flow Rate (Y X G X B0)....ociuiiiiieireieercrieci et e s seetereans v eerenssrssesess resensormensensssssen sans 489 cfm
AA. Flow Rata (Standard) {Z x (L/238.82) x [S20/(460+H)D..c...eeeeeeeereeeeeeeerererreeeeensennsenens 451 scfm
BB. Dry Flow Rate (AA x (UAOD))......ccccumieermmnicenrrreerecissrneneas e et st e eraearan 436 dscfm
SAMPLE CONCENTRATION/EMISSION RATE
CC. Sample Concentration [0.01543 X (PIT)] . vceceemerrerceeereersserssssesseseesmssosssensos s eee oo 434504 gridsct
DD. Sample Conc. [54,143xCC/ - 58.7 (Moiecular Wt.)]... weeer 0.40058 ppm
EE. Nickel Emissicn Rate (0.00857 x BB xCC)......ccccerevrcerenen.. 1.62E-03 Ib/hr
FF. Nickel Emission Rate [(.0001322 X Q@ X BENT]..c.cccvcerecereerrereraermenesimssessssssestsmemeansnnns 1.62E-03 Ib/hr

GG. Isckinetic Sampling Rate [(Gx T x 100M(N X O X BB)]...covcoveerinsrensenroresmuans corassanennns 100.5 %



@l South Coast
4, Air Quality Management District

——
Aoy 21865 E. Copiey Drive, Dlamond Bar, CA 91765-4182 {909) 296-2000

Source Test No. §8-112 - 41 Dates 10/24 & 10/25/98
SOURCE TEST CALCULATIONS
Flow Rate and Emissions for Run #2 No Air Agitation

Sample Train: Nickel Train #6 Input by: M.Garibay
SUMMARY

A Average Traverse Velocity.............cocovouvrcrreereersoeessnen creenrae e e 3202 fps

B. Gas Meter Tempsrature (Use 60 deg F fnr Tamp Camp Meters) 103 deg F
C. Gas Meter Correction Factor... e . 1.0023

D. Average Orifice Pressure et et 314 "H20
E. Nozzle Diameter...........c...oovviuiirieeeee oo 0,3168 inch
F1. Stack Dimension #1.............. 7 inch

F2. Stack Dimension #2.............. inch M. Pitot Correction Factor........... 1.00

G. Stack Cross Sect. Area.......... 0.267 f2 N. Sampling Time...................... 120 min
H. Average Stack Temp.............. 1120 degF O. Nozzie X-Sect. Area. 0.00055 ft

|. Barometric Pressure............... 30.00 "HgA P. Sample Collection.... 3.60 mg

J. Gas Meter Pressure (I+(D/13.6 30.23 “"HgA Q. Sample Collection.................. 3.60 mg
K Static Prassure....................... 0.50 "H20 R. Water Vapor Condensed......... 1076 ml

L. Total Stack Pressurs (|+(K/13. 29.96 "HgA $. Gas Volume Metered.............. 120.657 def
T. Comrected Gas Volume [(S x J/29.92) X 520{460+B) X Cuveoveoeeeesooeooooooooooo 112.859 dscf
PERCENT MOISTURE/GAS DENSITY

U. Percent Water Vapor in Gas Sample {(4.64 x RY({0.0464 x R) + T).ovveveeeveveeern 424 %

V. Average Molecular Weight (Wet):

Component Vol Fract. x  Moist Fract, b Molecular Wt, = Wt/
Water 0.042 1.000 18.0 \ a.78
Carbon Dioxide 0.000 Dry Basis Q0.858 440 . 0.02
Carbon Monoxide 0.000 Dry Basis 0.g58 28.0. . 0.00
Oxygen 0.208 Dry Basis 0.958 320 , 6.40

- Nitrogen & Inerts 0791 Dry Basis 0.958 282 . 21.35

Sulm 28.53

FLOW RATE .

W. Gas Density Correction Factor (28.85/V)*5............... et et s reaesataesoeare e e es 1.01

X Velocity Pressure Correction Factor (28. 92/L)-“ SO 1.00

Y. Cormected Velocity {A x M x Wx X).... et ey re e e e s st et en s e ennans 32.23 fps
Z. Flow Rate (Y X G X B0)......oouurmcrmmsmermiommersesssesanssssoeeeeeonsesseeeemrsssess s esoeooe 517 cofm
AA, Flow Rate (Standard) (Z X (uzs 92) X [520!(460+H)]} ...... 470 scfm
BB. Dry Flow Rate (AA X (UMDQ))........coommeemecemrmrmrrnsares s ceessssesesesesosmmses oo 451 dscfm
SAMPLE CONCENTRATION/EMISSION RATE

CC. Sample Concentration [0.01543 x (P/T e 4.92E-04 grfdscf
DOD. Sample Conc. [54,143xCC/ 58.7 (Molecular Wt.)] ... 0.45398 ppm
EE. Nickel Emission Rate (0.00857 X BB XCC).....cvvcvururumumreereesseeereeessessesoosseossesoososson 1.90E-03 b/hr
FF. Nickel Emission Rate [(.0001322 x Q x BBYT]...... 1.90E-03 Ib/hr
GG. Isokinetic Sampling Rate [(G x T x T00MIN X O X BB ee e eeeeeeer s 101.9 %



] South Coast
Air Quality Management District

AOMD 21865 E. Copley Drive, Diamond Bar, CA 81765-4182 (909) 3962000

Source Test No. 98-112 -42- Dates 10/24 & 10/25/08

SOURCE TEST CALCULATIONS
Emissions for Ambient No Air Agitation

Sample Train: Nickel Train #5 Input by: M.Garibay
SUMMARY ) :
AL Average Traverse VEIOCHY. ... iiiriin oo aninaereesiesnssssassrssenssssmssssnsesessescsnsnsan fps
B. Gas Meter Temperature (Use 80 deg.F for Temp Camp. Meters). . 100 deg F
C. Gas Meter Comecton Factor...........ccoceveeeetee e eme s e e . 1.0042
D. Average Orifice Pressure........cocicenieiii i i nis et s e e, - 2.10 "H20
E. NOZZIE Diameter. . cuiveceniieeieeriines e et e et e raresseonressesnssssassassnes e s s ses ot ene e inch
F1. Stack Dimension #1.............. inch
F2. Stack Dimension #2...... inch M. Pitot Comrection Factor...........
Q. Stack Cross Sect. Area.......... f2 N. Sampling Time.............. 285 min
H. Average Stack Temp.............. deg F O. Nozzle X-Sect. Area...... ft
[. Barometric Pressure................ 30.00 "HgA P. Sample Collection......... 0.0325 mg
J. Gas Meter Pressure (|+(D/13.6 30.15 "HgA Q. Sampls Collection......... 0.0325 mg
K Static Pressure..........c.oeeeeineee "H20 R. Water Vapor Condensed 525 mi
L. Total Stack Pressure (I+(K/13. "HgA S. Gas Volume Metered.............. 229.173 dcf
T. Corrected Gas Volume [(S x J/29.92) x S20/{480+B) X C....oovrrererierereeceeersresrssreneessenene 215372 dscf
PERCENT MOISTURE/GAS DENSITY
U. Percent Water Vapor in Gas Sample ((4.64 x RY((0.0464 X R) + T)).ueceveevennsmseesamsnenns L 112 %
V. Average Molecular Weight (Wet):
Component Vol. Fract x  Moist Fract. x Moiecular Wt = Wt/
Water 0.011 1.000 18.0 , 0.20
Carbon Diexide 0.000 Dry Basis 0.989 44.0 . 0.02
Carbon Monoxide 0,000 Dry Basis 0.889 28.0 , 0.00
Oxygen 0.208 Dry Basis 0.¢89 320 . €.61
Nitrogen & Inerts 0.7¢1 Dry Basis 0.988 282 . 2205

Sum 28.88
FLOW RATE ’
W. Gas Density Correction Factor (28.95/V)A.5......ccoveieimerreeeee e 1.00
X Velocity Pressure Correction Factor (29.92L°.5.. B SOOI
Y. Corrected Velocity (A X M X WX X)...oooiieieceincceccrrrruanenisnresssssmeresssssnsssses soren fos
Z. FlowRate (Y x Gx 60)...cc.ccccvenvnrinnne cim
AA. Fiow Rate {Standard) {Z x (L/29.92) x [520/(460+H)]}...... - sefm
BB. Dry Flow Rate (AA X (U/100))....c.crriverenrmreecrrererresasimsirnrsineieesiassessessesssssonsssessenessassanes dscfm
SAMPLE CONCENTRATION/EMISSION RATE
CC. Sample Concentration [0.01543 X (P/T)]..ccceeeiiiinirreiceeeircmee e sresvanree et ssssecbenese 2.33E-06 gridscf
DD. Sample Conc. [54,143xCC/ 58.7 (Molecular WH)]....cccovvviicneccrniencnrnenen. 0.00215 ppm
EE. Nickel Emission Rate (0.00857 x BB XCC)..c..occevvvveerererrercrererserenrarnseas Ib/hr
FF. Nicks! Emission Rate [(.0001322x Q x BB} T].....ccovcrveerens 1.7

GG. Isokinetic Sampling Rats {(Gx Tx 100)/(N X O X BB))...ccocovereeieeeeier ime e et 9%



South Coast
Alr Quality Management District

21865 E. Capley Drve, Diamond Bar, CA §17654182 {909) 398-2000

Source Test No. 98-112 -43-

SOURCE TEST CALCULATIONS
Results with Calculation Footnotes

Dates 10/24 & 10/25/g8

Run # ibhr | Iohr-R2 tank | Ibvhr-f2 parts | ibhr-clirair gridscf | mg/dsem| mghr | arrperes mg/A-hr
1air_ | 1.02E-03] 1.06E-05 9.43E-06 204E-05 | 272E-04| 0622 453 2182 0.214
2air | 1.23E-03| 1.28E-05 1.14E-05 246E-05 | 3.15E-04| 0.721 558 NA NA

Awerage | 1.13E-03] 1.17E-05 1.04E-05 225605 | 294E-04| 0672 510 2162 0.214
Ambient NA NA NA NA 2.20E-05| 0.0503 NA N/A NA
1.no air { 1.62E-03] 1.69E-05 1.50E-05 NA 4.34E-04| 0.993 735 2159 0.340
2noair | 1.90E-03| 1.98E-05 1.76E-05 NA 482E-04| 1.128 862 2182 0.399
Average | 1.76E-03| 1.83E-05 | 1.63E-05 NA 463504 1.059 798 2161 0.369
Ambient NA NA NA NA 2.33E-06| 0.00533 NA N/A N/A

Where:

Surface Area of Tank Solution = 96 fi2

Surface Area of Parts = 1082 ft2

Alr Agitation Rate Run #{ = 0.52 cfim/ftztank

Air Agitation Rate Run #2 = 0.52 cfimfft2tank

Ibhr is from the Flow Rate and Mass Emission Rate Spreadsheet

Ibhr-fi2 tank = Invhr / Surface Area of Tank Sofution

Ibhr-f2 parts = lbvhr / Surface Area of Parts

Ibhr-cfmair = Itvhr-ft2tank / Air Agitation Rate per f2tank

gridscf is from the Flow Rate and Mass Errission Rate Spreadsheet

mg/dsem = gr/dscf*2288.3

mg/hr = Ib/hr x 453592

amperes is the average plating amperage during testing period from A-hr meter (A-hr/hr)
mg/A-hr = rrg/hr / average plating arrperage during testing period







0 South Coast
Air Quality Management District

D 21865 E. Copley Drive, Diamond Bar, CA 91765-4182 ({909) 196-2000
Source Test No. 98-112 -44- Dates 10/24 & 10/25/98
APPENDIX

Field Data, Calibration Data, and Laboratory Results






SOUTH COAST AIR QUALITY UARAGEMENT DISTRICT

Teat Ho. 25..//2 Date: [/ 24 95
F{BSO/m[/ﬁa Pat B\ g s

Soampllng Location:. {Sample Train #2
' TMVF.RSEQOURCE TEST DATA

Past-Test Leak Check:

Tre-Tent Leak Checkt ~0-S67
Filter cfm @ "llg vac K Filter clim @ g vac
rrobe Lol cim @ S5 "Ng vac Probe p.0eZ clm & R "Ig yec
_(FItnt Tube Leak Check ) (Fitot Tube Leak Check )
Time ::-;::-Gas Heler Slarck Calculaled Mrobe Filler [ Heler Jemp|Vac
on 0ri . Rnadlng '_v'-luln:uy Tomp, Velnrity _Snar-llnl :r;”:- Temp. [Tomp, np "y
B [ i B e S S I A e

iZ:id DG/ A1 : ,

: s | ) Yot  |p/E | P> 1G5-95|0-R41 |2-2F 5% 15X | £
swredd 30 | Z BRI o 24 | 96 1334918976 [3-22¢ 54 153 | 5
bt s | 3 1352 (62l | 97 3. %6 lo-9cb |Z-55 7Z J23 7
7 at 760 | 4 Jig97-4 |0-4t 104 17754 16 - 75¢ 221 oo 193 177
P 3 399 1oy7 |70k | ZAq 0307|235 [eA 196 | &
eda +32 | & UZ3-] 0-i¥ | 110 |50-17 {p-552 |2-6/ 24196 | £
e 145 | 7 ISk K Iy | i |2 p551 [2-65 27 _19% | 4
,e_/ 260 | &5 Rerfos 022 | yjo 1272-4710-9/7 |3-10 o ez | ¥
Fan
#e -

L
4'417?,
i
bk
Fadf
5P
' 95

(Net Vol. Uncorr} Avg. \OL‘ ,50'3(* ,Zé-l - ’

Nazzle § - .

Vtozzle Diameter mn (pn.2/25 ") Recordrd By 0

Raromelric Pressure 00 "HgA Pltot FAactof...ceveeeerenennr-en LoQ _

Static Pressore In Stack.......ovoiieee. veees "ph  (HES €. §O_ "Nz0

Calibration Data \

Inclined Manometer Wo7¥| (Cal: . N/A ) i oy —\—

Magnehellc Mo, NI (Cal: __ N ) f [ @ :

Pltot Tuhe No.__ N\ST (Cal:_ 23 ag ) 72d

Polentlometer No. N2 )H  (Cal:__joj21]48) i ~ Stack

Thermueouple No. 2915  (Cal:_ 1O 7—\:{%) -“‘1 S F + 'b Dimenslo

Gas illeler No. L‘!OZ'# (Cal: I(\/'Z;z ﬁ ) ' gd A

Meter Coarr. Factor: a L %-\‘ -

S 10823 H %d |t
Type Sampling Probe ﬁ-/aﬁ e 3 U ] —i—‘@




Teal Po.

G5~ 11 A

SamplIng Locatfon: -

souTll (‘(‘MST AIR QlMLITY HANAGEHMENT DISTRICT

e infa&/58

u_‘» /& /74 C"f"“}“z— ?J”‘ KR ISnnple Trajin #-6

TRAVERSFE éURI‘F TEST DATA

————

Filter

Tre-Test lLesk Check:
cilm B

"llg vac

Prahe p-£07 | efm @ 5 "g vac

(Fltot Tube Lenk Check !/ )

= 0-567

Poat-Test Leak Check:

Probe p.cc7 cim @ A

Filter

clim @

"lig vac

u"g vae

(ritot Tube leak Check _V‘ )

Timn Sewrleifas Heler Stack Calculaled Mrobe Filter [ Heler Tewp|Vacu
on {0f( Reading  [Vateeity] Tomp, [Ve!nettsf Samrling aritlc | romp, Hemp ap "
- & ra T, n Rate AT | cip. ,‘ HU
. (dcf) "'..“;',,) °F {rem) l(:r'.) trmey | °F | -°F Tn [Out
3.1 74 :
57 | T &L |0 A 710 1372 10941 |3-0f qy /o0 =2
5 | Z 1356045 | /6D |34-6/ 11-005 [2-65 Io0Z1d | 35
=5 | 3 2459 |04 | VL 1%-72810-919 13- | 09 &3l | &5
o0 | A 12643 |p2r | i 13253 1o P40 \3-2F I a N
5| 5 95 [Cc25 [ ud [32320.96) 12-35 126 |todk | 5
722 |_0 2945 o 2 | 115 (31 Fd 0-9i71%3-D6 10;" lig/ | 5
s |7 190Kk Y o s | 111 |2G-pdln. 552 2 A6 log [foz2 1 5
454 & 1323531 |0-22 | [oY {20 2% |0 - 599 | 295 s liof | 5
ST ghitie | Ly Temd] B0 : \
03
(Net vel. Uncorr) Avy. V42 ‘57'01 ' B!L’ d
Nozzle { :
}:u?::l: Diameter mn (0.3/65’" ) Recordrd Ry ()C(_)'
Rarnmetric Pressuce_ 38-00 "ItpA PLLot FACLOD. veeeascassaossscons
Static Pressore In Stack.eeeees oo rocnscnn "lIrA (h@d)-zz "i120)
Calibration Data \___/
Inclined Manometer NQ"]!IL {Cal: . N/A ) - S
Magnehelic Mo, A (Cal: __ein ) f () -
Pltot Tuhe No. NOST {Cal: ’llniiq ) 71J
Patentlomeler No. N> il {Cal: ,2' 138 ) Stack
Thermoroupie No. 20105 (Cal: 10121)4§ ) i ' + ¢ 15
Gas Heter No. Al Q7788 (Cal /;,/},{75 ) 54 A Dimenslon
Meter Carr. Factor: . /\ -
/.c02% L : =~ A ‘
Type Samplling Probe @7{}.33 — —7" ] — 6




SOUTIL COAST AIR

QUAL 1TY HAMAGEMFHT DISTRICT

Nate: /0/77,/5/0’

Qui 2 LW THER  J5iarTe 'rmu# &

Teal Mo. ZF~112
Samplng Location: . %5_5 @/ﬁﬂéﬂq

TRAVERS F.[/SOURCF. TEST DATA

—m::r.st Leak Check: : " Post-Test Leak Check:
e . K- 0-567 .
Filter cim @ Mg vace ] Filter cim @ Hg vae
Probe H-00icim @ & "lig vae

Frohe .00y cim@ _/ “ligvnc
(Fitol Tube lLenk Check )

(Pitot Tube Leak Check o~ )

Time ::-;::-Gas Heler Slark Calculaled - Prohe Filler | Moter Temp | Vac)
on ore Rnadlng Vainelly Temp, Veiarity ‘.hnpllng nrbf e~ Temp. {Temp, np "
: P ol(der) oy | F ] e tan | F [ [T [ OuT
1024 524,02 2 L _
i -4 10-21 | 114 [5)-F216-457 |/.86 55 157 [ 5
v | Z 1347 1020 V1A 150/ 10944 |10 5% 155 15
47| 3 1358.4 Jo-20] N0 132.96 |0-54711:05 70 lert |4
1148 | 4 2569 (0-Z2 (11 A 1325900572 1i-1 2 Y5 |57 |5
q,;z.gﬂ
K Cak 1 Hs | 5 |22-F 1027 | 11 123-4H6l0:-578 |]-15 o (7% 15
Le o | € 1576:5 {020 [ F§ 1515 [0-99L] Fod EMi N
e 15 | 7 [555-5 820 | 117 [$).i510-555] ) O/ o0 Z
g 7451 % Bod-515 1025 | 1/ € 124-56|0-695] 127 RL % =z
7
G2
: v
(Net Vol. Uncorr) Avg. 1s T’Z‘S (o9 } 7 .
Nozzle § gé{
Buzzle PDlameter nun (024 3 ") Recordned Ry ~ Ao
Barometric Pressuce 22.G2 “ligA Pllot Faclof...ivasssarsesnencans D
Statlc lerssure I SEACK. cieesrrioronsrnnvnsnn "ligA (O Q Z "1t
Calibration Data \ /
Inclined ManomecerJ}lO'ﬂLl (Cal: . N/A —_ . —
Magnehellc No, ((‘aal J ) f @ ¥
Pitot Tuhe HNo. i (Cal: ) qg ) 7’2d
Palentinmeter Nu N\,sfu (Cal: 10 'u g9 ) - 4 A Stack
é‘d A Dimenslc

Meter Corr. Factor:
' J-002%

Thermocoupte No' (Cal: ] 4% )
Gas Maler No. a’()’;lﬁ (Cal: @7» [zﬁ ) > y
l (3

Typa Sampllinpg Prohe QAX-‘S

— ‘7" —

%d
—%

L




SOUTI! COAST AIR quALlTY HANAGENENT DISTRICT
lof 257 9F

Teal Va. A4 2 Date:
: Sﬂaaéna Rundl ot q\&[%-rle Train ﬁ‘ -7

Sampl Jop Location: -

TRAVERSE SﬂRfF TEST DATA

—f"r-:Tcst l.eak Check! - - Post-Test Lenk cbegk:
Filter cfm @ "llg vac /(:O S&7 Filter __ clm@ “llg vac

Probe D.¢))_ cim @ S "ig vae
(Fitot Tube Lesk Check _ )

Frabe (.00% cfm @ i3 "ig vac
(F§taL Tuhe Leak Check _ ;7 )

Time f.","':""*"s Heler Stack Calculaled Probe [Filler | Heler TempVacuus
on [0f( """ Reading  [VeTaelty[ Tamp, [Veiecits] Sanciing orltie | tomp . [lemp, ap "Hg
. - -‘ (dcf) - ';:l‘;';n) °F (rrs) IR;::.) ?"ll;;ﬂ) “F "F [ (Ul
EiSem FH587| oF | ,
TAE R | 1 4621|0221 114 13258 0543|005 98 197 | Z
Tl 2 25 1025 V115 159-2916.55¢ | |- 10 97 197 |_4
45| B |420.7 |QAL | 14 PR-5 o542 1 )06 o 1 9¥ | 4
0 |4 14904 0-2£ | 111 _|5-231p:572-1 I 27 105 195 | &5
~—1F7 5 14%.5_10-20 | 12 [2l-0] {0-5)710-Y6F J00 |9Y | &
+58 ] & /f_%f o 2] | WA 1575105311 1-8/ Jod t 97 1.5
il 7 4570 e | T {31.7510-53A4 I D& 3197 1 &
TO1 % Wis-95250-2¢ | [0 135 -33l0-592.] - 27 104 180 | &
: 99
(Net Vol. Uncorn) Avg. “2 31'(‘(’ {0 .

Nazzle v - )
e ! i (O.—%?_ﬁ ") Rocarded Dy ﬂ CJ-

Nozzle Dlameler
RBarometric Pressure 2997 “ilpA PLLOL FAGLOC. ovesenonaonsvessans .00
Static Pressure (o Stack.,.ocviennn e ieaeenaens “[pA (F@ 8-57 "]|20)
Calibracion Data ——-/
Inclined Manometer Nb“lm (Cal: . N/A ) —_ e \_
Magnehnllc Mo, W o (Cal: B ) f @ : I
Pltot Tuhe Na. 15T (Gal: 3 ]1q 2 < ) 724
Potentiometler No a i {Cal: l’Of.Ll g¢ ) 4 Stack
Thermneouple No. 2Div2 (Cal: | 11498 ) X ‘—*— v .
Gas leter No. Alo714 (Cal: Izl ) Q\\ / C_;d A Dimenslons
Meter Corr. Factor: | ! : &\ —_ -
L0623 L e %4 l
Tyre Sampling Prabe ﬂ;ﬁgs . ) < ")“ — —t. k'\—;—] ‘




SOUTI CNAST AIR QUALITY MABAGEMENT DUISTRICT

rent to. _AGML . | pate: 1O -2t - G &
Sampilng Lecation:. Foas mnlar, o ’Sn-ple Traln A 8 15
| TR’AVERSE SOURCE TEST DATA
—-l".r.:‘.rn.-:t l.eak Check: : " Poat-Test Leak Check:
Filter cim @ “lig vac

Filter cin @ ""8 vac . IR N N - -
Prahe (), 0°%cim @ {5 "“lig vnc Probe 0.0 1 eim @ = "Ig vac

(Fitot Tube Lenk Check ) (Pitot Tube Lesk Check _ )
Time :::-::'Gas Heler Slack Calcutaled Probe [Fitler | Heler lewp|Vacy
on [nfC . Reading :;:::"““Y Tem. "'-';‘”)‘! :::::“"l 2':.”"' Temp. |Temp, ap “Hy
. (def) - ("1 *F (s {efw) "nzn) °F | -°F n il
iD:i k4,557 o 2 e T
TN T7(, 'L LAl 6o ) ~
fld T T ol T DA Y .
(s - o S P o
VoL ek IRE S 2 v e -~
- 45 RNC. % 2l I Il
Dl Ri2, 9, 7.8 I ] 5
e 0,749, % 7t - [ | & 5
LT S, Ar ¢ z. AR WA
Fips A L Lios | 35 =
V2o Diz\.o o | iz | e | <
e R <1 2\ 1o¢ | I il
Y i Rl L.t el I AL
Ty 5 9. L 2 il - I WY
Y Ao 6. & 2 o8l int |
416G ¢ 24, & 2 s ol 4
o S i % EA [ec {lo2) 5
Y - Ta s, b L, ine iz | 9
4 iHg G517 5, et lZei ]l 5
A 245 Gird, 7 2.1 int ia | £
4 2 K Y 1.1 7. I W 5
AT 493 131 Z. ! I TR
1115
(Net Vol. Uncorr) Avg.
Nozzle 1 -~ - e
Yorzle Dlameter win . Recorded By £ i, FAARGTES
Rarometric Preossure -~ 2. o0 “TgA PLlot FACtOT...ceevoavavnnonsnnen
Slatlc Prossure In BtAck. e oevresrerosanvsses "ipA  (R/- "0
Calibration Data —_—
Inclined Manometer Cal: . N/A - -—T-\——/
Magnahellc Mo. (E‘.al : / )) f / \
Pltot Tube No, (Gal: )
Potentiometer No. Lot (C.'ll:_\_d-— Ty-73 ) 4 Stack
)
5:)

\

N= |

Thermacouple Na. (Cal: ‘ ¥ f‘l; DImenslo
Gas Meler Na. V3772 (Cal: /. .7i-5¢ : A ’
Meter Corr. Factor: Gy L |

' . — —a

Type Sampling Prabe /574 55

— -



SOUTH COAST AIR QUALTTY MANAGEMENT WISTRICT L.

Tent Mo. 94:’“7' _ _ Iﬁnlet IN-25- 98
\

Snmpling Location: . FOSS LT lSnﬂrlc Trale A 4., 3 iﬂ\
TRAVERSE SOURCE TEST DATA
—]:r-,_—_},..st l.eak Check!? " Paost-Test Leak Check:
Filter clm @ “Hg vac

Fllter cim @ "lg vac
Prohe L?.LF’J cim @ [{ *™ig vac
(Fitol Tuhe Leak Check )

s Probe ¢ oo cla@ /A "Iy vac
(Pllot Tube Lesk Check _ )

Time  [reridGas Heler]  siack Calculaled Mrobe Filler | Heter Tewp|Vacuum
an arc Neading  (Velacityl Tomy, [Veincityf sannling [ ocllle= F oy Joup. °F "Hy
s (def) - Nead o (fpe) | Rate ?":;n p .o ]
ity0) (cfw) m : n Oul
042 4944l 3R S A
s , C’C; =<1 L £ 7 S22
e ~i7. 2,4 i S BT N
it 45 ‘025\.*' 2.1 41891 4.«
or T <, ! \loi [ 92 Y
e 0559 2.t inl )] 92| “y
ey 5ks.b 7] (23] %57 ] 4.5
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U.5. DEPARTMENT OF COMMERGE

. } t
NATIONAL INSTITUTE OF STANDARDE AND J ECHNOLOGY,
Gaithersburg, MU 20892 i ’

| REPORT OF SPECIAL TEST

, .
= OF ;
AIR SPEED INSTRUMENTATION
March 11, 1998

‘wo Pito-Saric Tubes |
subaitred by :

South Cuasc Air Qualiry Management District
Applisd Science & Technology .
21865 E. Copley Drive |
Dizmaud Rar, CA 91765 4182

| ; .
B.u calibrativn of the Pitor seatis tubes were perfarmed i the 1 I (three-Fon) by 1 m (three-focy)

IST Lew 'flclocixy Airflow Facitity. The {nstrument under;test was supponie: oear the conter
Ff(l\enmslinamammupmcmudmgﬁgﬂ:lc Inmrisremce 1 the flow. The 2ir sped was
measured LY the NTST laboratory sundand laser velocimetar on the cenroriing of the fiapel,

ipsucam of the Pitulstatic mibes. - [he air mmperuture, hm:udjty and aumospbeTic presurs were

meaiced mside the fonel. '
|
The calibration of the Pilut-smtic Tube consists of deteamining the catibration factor, K, defined
bs the square root of e ratio of e air spead indicwred by the insrrment undar test t0 the ais
indicd=) Uy the NIST tnbovamory. scandard velocizetes. K may be 2 fauetion of the Reynolds
mumber, Ra, which ix capeessed as :
S

[ ; Re = Vd/v

I -
!

wheze'V i air spesd, d is th dinmmeter of Lbe Ptoe-atmic tizbe, 204 15 the Lipeiatic Viscosty.
Twi calibration cycles wexe done, separated by 8 shundown Each speed in each Syele is weashred
five dmes.! . !
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“REI'ORT OF SFECIAL TEST
Sofutly Coast Atr Quality Mgmt. Districe 2 Pitot Smdc Tubses

4

Tables 1 and|? ond Figure 1 show the expanded uncenimy vahies for the NIST air speed
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nT SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT
21865 Copley Dr., Diamond Bar, CA 91765-4182

MONITORING AND ANALYSIS
LABORATORY ANALYSIS REPORT

TO Mike Garibay, Engineer IT LABORATORY NO  93008-02
Source Testing & Engineering
Monitoring & Analysis REFERENCE NO JSV-25-50

SOURCE TESTNO  98-112

SAMPLE Seven Nickel Trains

One Reagent Blank PREPARATION NO  92938-12
SOURCE Foss Plating ' DATE RECEIVED  10/27/98
. Nickel Plating Tanks
8140 Secura Way

Santa Fe Springs, CA

ANALYTICAL WORK PERFORMED, METHOD OF ANALYSIS, AND RESULTS °

Nickel by CARB Method 433 .
Equip Number(s) 10 2 6 3 7 4 5
Sample point _ -field no air no air air air amb amb
. blank

Moisture gain (loss), g 0.1 79.4 107.6 109.0 93.1 71.4 525
Silica gel expended, percent . <10 60 65 50 60 85 60
Notes on train condition (D ) 3) 3)
Total nickel, ug 16.5 2950 3600 1170 1350 306 325
Comments and deviations: _ | M&Ab RE
(1) New filter CEIVED
(2) Bath solution on probe exterior DEC 30 1998
(3) Solvent-like odor, possibly alcohol.

M&E BRANCH

Samples were reported with reagent blank subtracted. Reagent blank was 2.5 ug total.
Samples were analyzed by West Coast Analytical Services (WCAS) by ICP/MS. (see
attached report WCAS Job No 39762)

—
Date Approved: /Z/ é” ?Zﬁ Approved By/‘f”/%&—

Rudy Edeti, Senior Manager
Laboratory Services

Enastd\...\9300802.doc



WEST COAST
ANALYTICAL

SERVICE, INC.
Analytical Chemists -

-

November 10, 1998

SOUTHE COAST AIR QUALITY MANAGEMENT
Laboratory Services Div.

21865 Copley Drive

Diamond Bar, CA 91765-4182

Attn: Joan Niertit

Job No: 39762 s

LABORATORY REPORT

Samples Received: Eight (8) Ligquids
Date Received: 11/04/98 ‘
Purchase Order No: 99107 =

The samples were analyzed as follows:

Analysis Page
Nickel by ICPMS 2

Charles Jacks, Ph.D.
Senior staff Chemist Quality Assurance Officer

This report is to be reproduced in its entirety.
Page 1 of 2

9840 Alburtis Avenue * Santa Fe Springs, CA 90670 » 562+948:2225 + FAX 362-648-5850 * hupy//www.weaslab.com



WEST COAST ANALYTICAL SERVICE, INC.

SOUTH COAST ATR QUALITY MANAGEMENT : Job No: 39762
Attn: Joan Niertit November 10, 199g

LABORATORY REPORT

Nickel
Quantitative Analysis Report
Inductively Coupled Plasma-Mass Spectrometry

Parts Per Million (mg/L)

Sample ID Nickel
Reag Bl 0.025
Train #2 No Air 29.5°
Train #3 air 11.7
Train #4 amb 3.08
Train #5 amb 0.35
Train #6 No Air 36
Train #7 Air 13.5
Train #10 blk 0.19 .
Detection Limit: 0.002

Date Analyzed: 11-5-98

Quality Control Summary

Sample: Standard Reference Material USGS Ti1l

a

Certified %
Value Found Acceptable %
ug/L ug/L Error - Error
Nickel ' 15.5 17.8 ’ 20 14.8%

Date Analyzed: 11-9-98

4

This report is to be reproduced in its entirety.

Page 2 of 2



Abbreviations Summary

General Reporting Abbreviations:

B

DL

ND

ppn
ppb

TR

Blank - Indicates that the compound was found in both the
gsample and the blank. The sample value is reported without
blank subtraction. If the sample value is less than 10X the
blank value times the sample dilution factor, the compound
may be present as a laboratory contaminant.

Indicates that the sample was diluted, and conseguently the
surrogates were too dilute to accurately measure.

Detection Limit - Is the minimum value which we believe can
be detected in the sample with a high degree of confidence,
taking into account dilution factors and interferences. The
reported detection limits are equal to or greater than Method
Detection Limits (MDL) to allow for day to day and instrument
to instrument variations in sensitivity.

Indicates that the value is an estimate.

Not Detected - Indicates that the compound was not found in
the sample at or above the detection limit.

Parts per million (billicn) in liquids is usually equivalent
to mg/l (ug/l), or in solids to mg/kg (ug/kg). In the gas
phase it is equivalent to ul/l (ul/m°).

Trace -~ Indicates that the compound was observed at a value
less than our normal reported Detection Limit (DL), but we
feel its presence may be important to you. These values
are subject to large errors and low degrees of confidence.

kg kilogram mg milligram 1l liter ' m meter
g gran ug microgram ul microliter

QC Abbreviations:

Control OC Limits are determined from historical data. The test

&

value must be within the Control Limits for the test

Warning to be considered valid. Based on historical data,
Limits the confidence intervals are 95% for warning limits and

99% for control limits.

% Error Percent Error - This is a measure of accuracy based on

the analysis of a Laboratory Control Standard (LCS). An
ICS is a reference sample of known value such as an NIST
Standard Reference Material (SRM). The % Error is
expressed in percent as the difference between the known
value and the experimental value, divided by the known
value. The LCS may simply be a solution based standard
which confirms calibration (ICV or CCV -~ initial or
continuing calibration verification), or it may be a
reference sample taken through preparation and analysis.

|



WESTERN ARALYTISAL &&5@35?@&!589 iBe.

13744 MONTE VISTA AVENUE - CHINO, CALIFOANIA 81710 . (609) 827-3628 - Fax (909) 6270481

SOUTH COAST AQMD 8110291
CUSTOMER___ WAL NO ‘ .
: i1
DATE RECEIVED 712798
' JOHN MCLAUGHLIN ' .
ATTENTION_ DATE OF REFOR'I'-‘Ii/i_9~e

NICKEL SULFATE FLATING SOLUTION

SAMPLE IDENTIFICATION; '
' FOSS PLATING CO

- 11/
TANK NO.___ GALLONS, SAMPLED 12/98
ANALYS!S STANDARD " RESULTS
_ 63 /Gy
. S
NICKEL . . | S-95  43.8 g/)
NICKEL SULFATE : V72T s180 g
NICKEL CHLORIDE a €77 50.4 g/
EOQRIC ACID #2, 30.2 g
pH. ' : 4.75
SURFACE TENS ION ' 47.0 dyne/cm
\1

{1002 CONT
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Appendix 1

SCAQMD Source Test Results
California Technical Plating






RECEIVED JaY 2 5450y
Yer.: South Coast |
2 Alr Quality Management p

. 21865 E, Copley Drive, Diamong Bar, CA 91 765-4187
el (900) 396-2000 - http://www.aqmd.gov

SOURCE TEST REPORT

98-109, 98-110, and 98-111

Conducted at

California Technical Plating Company
11533 Bradley Avenye
San Fernande, CA 91340

NICKEL EMISSIONS FROM A NICIQEL EI.ECTROPLATIN G TANK
WITH AND WITHOUT AIR AGITATION
. TESTED: September 3 - 11, 1998
ISSUED: Noverber 25, 1998
REPORTED BY: Michael Garibay
Air Quality Engineer I
REVIEWED BY-

Edward J. Ramirez

Senior Air Quality Engineer

MONITO

RING AND ENGINEERING BRANCH
MONITORING AND ANALYSIS DIVISION



South Coast

o

Air Quality Management District

21885 E. Copley Drive, Dlamond Bar, CA S17E5-4182 {909) 396-2000

Source Test Nos. 98-109, 88-110, 98-111

BACKGROUND

W 3 12 + VTR U RO T SR

b. Test Location

¢. Unit Tested

..........................................

d. Test Requested by

e. Reason for Test Request

f. Dates of Test

........................................

g. Source Test Performed by

h. Test Arrangements Made Through

1. Source Test Observed by

......................

-2- Dates 9/3, 9/4, & 9/11/98

California Technical Plating Company

11533 Bradley St.. San Fernando. CA 91340

Nickel Electroplating Tank

Jill Whynot, Stationary Source
Compliance. (SSC) (909)396-3104

Ed

Develop Emission Factors for Rule 1401

September 3, 4, & 11,1998

E. Ramirez
M. Garibay, G. Kasai, C. Willoughby

Dave Anzures, Sr.

é818) 365-8205
Sam Patel. (818) 3

5-8205

Dave Anzures, Jr. (818) 365-8205
Sam Patel, (818) 365-8205

Dennis Becvar, Pacific Environmental
Services, Inc. (PES) (626) 856-1400




South Coast
Air Quality Management District

21865 €. Copey Drive, Diamone Bar, CA 917854182 (908) 356 2000
Source Test Nos. 98-109, 98-110, 98-111 -3- Dates 9/3, 9/4, & g/11/08
RESULTS
Nickel Emissions from a Semi-Bright Nickel Electroplating Tank - with Ajr Agii;ation
Run # Ib/(hr-scfin,) | Ib/(hr-ft2) Ib/(hr-ft, ) mg/dscm mg/(A-hr)
1 6.33 x 107 5.51x10° 1.42x10° 0.059 0.264
2 7.66 x 10 6.67x 10 1.72x 10 0.067 0.319
3 3.89x 107 3.46x 10° 8.92x 107 0.035 0.171
Average 5.96x% 10% 521x10° 134x 10 0.054 0.251
Ambient | - - - 1.57x 103 -

Nickel Emissions from a Semi-Bright Nick,

el Electroplating Tank - No Ajr Agitation

Run # Ib/hr . Ib/(hr-f%,0) 1b/(hr-ft2an,) mg/dscm mg/(A-hr)
1 2.29x10° 1.53 x 107 3.93x107 1.57x 10° 0.008
2 425x10° 2.83x10% 7.30x10° 2.97x 107 0.143
3 3.56x10° 237x10°¢ 6.12x 1041 2.45x 10 0.121
Average 2.68 x 10"’ 179x10°¢ 4.60x 10 1.86 x 107 0.090
Ambient - - - 838x10* -




g South Coast
Air Quality Management District

ALY 21265 E. Cop'sy Dive, Dlamond Bar, CA §1765-4182 (805) 396-2000

Source Test Nos. 98-109, 88-110, 88-111 -4- ) Dates 9/3,9/4, & 8/11/98

INTRODUCTION

The South Coast Air Quality Management District (SCAQMD), is attempting to gather
information on nickel, hydrogen chloride, and sodium hydroxide emissions from plating
and metal treating processing from nickel plating facilities. The testing was requested to
provide improved data on emissions from these operations and address unresolved issues
under SCAQMD Rule 1401.

Previous testing conducted by the Metal Finishing Association of Southern California
(MFASC) and the California Air Resources Board (CARB) consisted of triplicate tests
for nickel from nickel electroplating. The current testing is intended to resolve issues
raised during the review of the MFASC test regarding high levels of background nickel
and potential fugitive losses. The testing is also intended to evaluate the
representativeness of existing emission factors. The scope of the current testing effort has
been expanded to measure nickel emissions from electroless nickel plating operations,
hydrogen chloride from metal acid treating tanks and sodium hydroxide from metal
treating tanks at nickel plating facilities. This test report, which is part of the series of
tests intended to collect this information, reports emissions from a nickel electroplating
tank with and without air agitation. The complete testing series in the project consist of
SCAQMD Source Tests: 98-105, 98-106, 98-107, 98-108, 98-109, 98-110, and 98-111.

The test plan was developed via a cooperative effort with the SCAQMD and MFASC.
This test report incorporates and addresses comments from representatives from both the
SCAQMD and MFASC during weekly meetings from the projects beginning to end. The
testing was conducted at a volunteer MFASC member facility with excellent building
ventilation so as to avoid background interference. The sampling was conducted by
SCAQMD Methods and Testing staff. The analysis was conducted by the SCAQMD
laboratory and SCAQMD contractor.

The testing consisted of two sets of triplicate two hour sampling runs with one set run
under the air agitation operating condition and the second set run without the air
agitation. The results are reported in units of milligrams nickel per plating amperage -
plating elapsed time (mg/A-hr), as well as other units. The results of the testing are
intended to be used as emissions factors in health risk exposure assessments. As with
other types of plating processes, the emissions are reported on a per ampere-hour basis so
that ampere hour data commonly collected in the industry can be used to track the total
mass emissions.
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South Coast
‘ Air Quality Management District

S———
AQMD 21355 E. Copiey Drive, Dlamond Bar, CA 817654182 (909) 396-2000

Source Test Nos, 98-108, 98-110, 98-111 -5- Dates 9/3, 9/4, & 8/11/98

PROCESS DESCRIPTION

Background

In the plating industry, nickel plating is employed as a decorative and/or protective layer
Over a variety of metal pieces. The nicke] plating can be used as a final finish or covered
with a thin plating of chromium as with decorative chrome applications. The nickel

nickel where a current is applied so that solid nickel s plated onto the parts. An
immersion heater can be employed in the plating tanks to maintain a desired plating bath

buildings that house these processes, typically employ some type of ventilation system
which may be forced draft, natural draft, or cross draft in nature.

For the electroless nickel plating, the plating is driven by difference in electropotential,
The solution differs from the electroplating solution’ to enhance this process. For

ammonia, the plating tanks typically include ventilation Systems at a close proximity

above the plating tanks to draw emissions from the plating tanks out of the work space.



@‘ South Coast
Air Quality Management District

| AGHT 21866 E, Cepley Drive, Diamond Bar, CA §1765-4182 (909) 396-2000

Source Test Nos. 98-109, g8-110, 88-111 -B- Dates 9/3, 9/4, & 9/11/98

The nickel platers also employ both hydrochloric acid and sodium hydroxide metal
treating processes. The hydrochloric acid process is an etching process in which
bubbling occurs due t0 gasses produced as the metal is etched. The sodium hydroxide
process can be employed by spraying, electrocleaning, etching (for aluminum), or soak
- cleaning with a detergent. Of the sodium hydroxide processes, the soak cleaning is
expected to produce the least amount of emissions, while the spraying is expected to
produce the highest.

Nickel Plating Operation During Testing

During testing, the nickel electroplating tank was operated during active plating for the
entire test period excluding a brief period where the parts Were removed to simulate drag-
out effects. Dummy parts were used as a plating substrate as shown in Figure 1. The .
host facility requested that the rectifier not be operated above 150 amperes due to
potential over-heating of the rectifier. The dummy parts were sized so that a plating
current density of approximately 20 amperes per square foot was obtained at below 150
amperes total current. This current density was chosen so as 10 be as consistent as
possible with the past MFASC testing current density of 17 amperes per Square foot while
also keeping in the 20-50 A/ft’ range of nmormal nickel plating as specified in the
Electroplating Engineering Handbook. Since the parts were not entirely submerged in
the plating solution the actual current density applied was calculated using the resulting
plated surface area. As with the past MFASC testing, the dummy parts were lifted out
and replaced back into the solution six times during each sampling run, to simulate drag-
out and disturbance of the solution surface during normal operation. The tank was
equipped with a circulation pump and filter as well as a parts agitator which moves the
parts in a linear cyclical manner. The parts agitator was operated during the non-air
agitated tests only to maintain normal operation under both air and non-air agitated
conditions. Photographs of the host plating tank and the surface of the solution both with
and without air agitation are shown in Figures 2, 3, and 4. The following are the
specifications of the nickel plating tank and the lists of operating conditions that were
monitored during each of the test runs: :



@ South Coast
=4 Air Quality Management District
21865 E, Copley Drive, Diamond Bar,CA 3917654182 {909) 336-2000

Source Test Nos, 98-109, g8-1 10, 98-111 -7~

Dates 913, 9/4, & 9/11/38

Tank Dimensions

Rectifier Rated Capacity

Type of Plating

36"W x 60”L x 48”H

500 amperes

Semi-Bright Nickel

Operating Conditions Recorded During Testing - Air Agitation Run #1

Freeboard Height

Plating Solution Temperature
Plating Solution Nickel Content
Plating Solution Boric Acid Content
Plating Solution pH

Plating Solution Surface Tension
Plating Solution Specific Gravity
Plating Voltage )

Average Amperage Applied
Calculated Ampere-hour Usage
Calculated Current Density
Number of Dummy Parts

Total Surface Area of Plated Parts
Plating Period within Test Run
Duration of Test Runs

Capture Efficiency of Ventilation System
Ventilation Rate

Air Agitation Rate

Alr Agitation Rate per unit solution surface area
Part Agitation Rate

Solution Circulation Rate

4
121
10.3
5.0
3.5
37.9
1.27
6.5
142
284
244

5.82
120
120
100

. 422

13.0
0.87

5-7

inches

°F

oz/gal
oz/gal
pH
dynes/cm

volts
amperes
A-hr

AP

plates

£

min / test run
min /test run
%

acfm

scfm

scfm/ft?
in/min

gpm (estimated)




] South Coast
Air Quality Management District

m} 21865 E. Copley Drive, Dlamond Bar, CA $1765-4182 (909) 396-2000

Source Test Nos. 98-109, 88-110, 98-111 -8-

Dates 9/3, 9/4, & 9/11/98

Operating Conditions Recorded During Testine - Air Agitation Run #2

Freeboard Height

Plating Solution Temperature
Plating Solution Nickel Content
Plating Solution Boric Acid Content
Plating Solution pH

Plating Solution Surface Tension
Plating Solution Specific Gravity
Plating Voltage

Average Amperage Applied
Calculated Ampere-hour Usage
Calculated Current Density

Number of Dummy Parts

Total Surface Area of Plated Parts
Plating Period within Test Run
Duration of Test Runs

Capture Efficiency of Ventilation System
Ventilation Rate

Air Agitation Rate

Air Agitation Rate per unit solution surface area
Part Agitation Rate

Solution Circulation Rate

.
119
10.3
5.0
3.5
37.9
1.27
6.5
142
284
24.4
4
5.82
120
120
100
452
13.0
0.87
0
5-7

inches

op
oz/gal
oz/gal
pH
dynes/cm

volts

amperes

A-hr

AP

plates

f?

min / test run
min /test run
%

acfm

scfm

scfm/ft?
in/min

gpm (estimated)



@ South Coast
24| Air Quality Management District
’ ‘ 21865 E. Copley Drive, Diamond Bar, CA 917554182 (809} 356-2000

Source Test Nos. 98-109, 98-110, 98-111 -9- Dates 93, 9/4, & 9/11/98

Operating Conditions Recorded During Testing - Air Agitation Run #3

Freeboard Height 4 inches
Plating Solution Temperature 120 °F

Plating Solution Nickel Content 103  oz/gal
Plating Solution Boric Acid Content 5.0 oz/gal
Plating Solution pH 35 pH

Plating Solution Surface Tension 379 dynes/cm
Plating Solution Specific Gravity 1.27

Plating Voltage 6.0  volts
Average Amperage Applied 138 amperes
Calculated Ampere-hour Usage 276  A-hr
Calculated Current Density 237 A/M
Number of Dummy Parts - 4 plates

Total Surface Area of Plated Parts 5.82 ft

Plating Period within Test Run 120 min/ test run
Duration of Test Runs 120 min /Atest run
Capture Efficiency of Ventilation System 100 %
Ventilation Rate 433  acfm

Air Agitation Rate _ 13.4 scfm

Alr Agitation Rate per unit solution surface area 0.89 scfin/ft’

Part Agitation Rate 0 in/min

Solution Circulation Rate 5-7 gpm (estimated)



2 South Coast
Air Quality Management District

21865 £. Copley Drive, Dtamond Bar, CA g4785-4182 (908) 3962000
Source Test Nos. 98-109, 98-110, 98-111 -10- Dates 9/3, 9/4, & 9/11/98

QOperating Conditions Recorded During Testing - No Air Apitation Run #1

Freeboard Height

Plating Solution Temperature
Plating Solution Nickel Content
Plating Solution Boric Acid Content
Plating Solution pH ]

Plating Solution Surface Tension
Plating Solution Specific Gravity
Plating Voltage

Average Amperage Applied
Calculated Ampere-hour Usage
Calculated Current Density

Number of Dummy Parts

Total Surface Area of Plated Parts
Plating Period within Test Run
Duration of Test Runs

Capture Efficiency of Ventilation System
Ventilation Rate

Air Agitation Rate

Alir Agitation Rate per unit solution surface area
Part Agitation Rate

Solution Circulation Rate

4
124
10.3
5.0
35
37.9
1.27
6.0
138
276
237

5.82
120
120
100
431

inches
o ’
oz/gal
oz/gal
pH
dynes/cm

volts
amperes
A-hr

A/t

plates

f?

min / test run
min /test run
%

acfin

scfm

scf/ft?
in/min

gpm. (estimated)



South Coast
R Air Quality Management District

21865 E. Copley Drive, Dlamond Bar, CA 91765-4182 {909) 396-2000
Source Test Nos. 98-109, 98-110, 98-111 -11- Dales 9/3, 9/4, & 9/14/08

Operating Conditions Recorded During Testing - No Air Agitation Run #2

Freeboard Height 4 inches
Plating Solution Temperature 123 °F

Plating Solution Nickel Content 10.3  oz/gal
Plating Solution Boric Acid Content 5.0 oz/gal
Plating Solution pH 35 pH

Plating Solution Surface Tension 37.9 dynes/cm
Plating Solution Specific Gravity 1.27

Plating Voltage 6.6  volts
Average Amperage Applied 135  amperes
Calculated Ampere-hour Usage 270  A-hr
Calculated Current Density 232 A/
Number of Dummy Parts 4 plates

Total Surface Area of Plated Parts 582 f

Plating Period within Test Run 120  min/test run
Duration of Test Runs 120 min /test run
Capture Efficiency of Ventilation System 100 %
Ventilation Rate 425 acfm

Air Agitation Rate 0 scfin

Air Agitation Rate per unit solution surface area 0 scfm/ft?

Part Agitation Rate - 77  in/min

Solution Circulation Rate 5-7 gpm (estimated)



South Coast
Air Quality Management District

@ 21855 E. Copley Drive, Dtamond Bar, CA 91765-4182 (9C9) 396-2000

Source Test Nos. 88-109, 98-110, 98-111 o 12-

Dates 9/3, 9/4, & §/11/98

Operating Conditions Recorded During Testing - No Air Agitation Run #3

Freeboard Height

Plating Solution Temperature
Plating Solution Nickel Content
Plating Solution Boric Acid Content
Plating Solution pH

Plating Solution Surface Tension
Plating Solution Specific Gravity
Plating Voltage

Average Amperage Applied
Calculated Ampere-hour Usage
Calculated Current Density
Number of Dummy Parts

Total Surface Area of Plated Parts
Plating Period within Test Run
Duration of Test Runs

Capture Efficiency of Ventilation System
Ventilation Rate

Air Agitation Rate

Air Agitation Rate per unit solution surface area
Part Agitation Rate

Solution Circulation Rate

4
122
10.3
5.0
3.5
379
1.27
6.6
134
268
23.0

5.82
120
120
100
430

inches

°F

oz/gal
oz/gal
pH
dynes/cm

volts
amperes
A-hr

A/E?

plates

ft*

min / test run
min /test run
%

acfm

scfm

scfm/ft?
in/min

gpm (estimated)



4 South Coast
z4) Air Quality Management District

——
21865 E. Copley Drive, Diamone Bar, CA 91785-4182 (209)296-2000

Source Test Nos. 98-108, 98-110, 98-111 -13- Dates 9/3, 9/4, & 9/11/¢8

TESTING METHODOLOGY

The testing consisted of two sets of triplicate two hour sampling runs with one set run
under the air agitation operating condition and the second set nmn without the air
agitation. The applied amperage during plating was obtained from a calibrated ammeter.
The calibration certificate is included in the Appendix. The accuracy of the ammeter was
checked by two means. A portable elecirician’s ammeter was used to verify the
amperage at the rectifier. The resulting plating thickness was also checked by Mr. Sam
Patel of California Technical Plating and verified to be that of the calculated resulting
thickness for the plating time and amperage that were applied.

A temporary reduced draft ventilation system was designed and conmstructed both to
isolate the process and collect the resulting nickel emissions in a manner to both facilitate
the emissions measurement and to address concerns by the MFASC. The main MFASC
concern is that a high flow ventilation system, such as a dedicated side-draft ventilation
system may produce higher emissions due to entrainment of large splashed droplets that
potentially fall back into the tanks or to the ground and may not become emissions to the
atmosphere. :

The temporary reduced draft system is designed to simulate emissions to the atmosphere
of an unventilated tank. Mass emissions collected in the duct of a ventilated tank may be
higher due to this effect. . The temporary ventilation system consisted of cube shaped
hood of similar cross sectional dimensions of the host tank. The hood was vented to a
small blower which was set to achieve a specific velocity vertically through the hood.
The hood was suspended at a height above the tank so that air also entered the hood from
the space between the hood and the tank at a specified velocity. The height of the hood
was 1.4 times the equivalent diameter of the tank cross section. A straight run of ducting
between the hood and the blower was used to isolate and measure the emissions from the
tank. A schematic of this system is shown in Figure 5. A photograph of the hood
connected to the host tank is shown in Figure 6.

The appropriateness of the hood height was determined by a small scale 16”"W x 20"L x
25"H hood connected to a small blower to simulate the full scale design. At a ventilation
rate of 50 ft/min as determined by a calibrated vane ancmometer, the height of the hood
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was sufficient to create a uniform velocity over the lower cross-section of the hood and
maintain this uniformity for the lower one third of the hood. This was done to ensure that
no high or low velocity zones were present as to defeat the purpose of the hood in its
lower section.

As discussed in meetings with SCAQMD Methods and Testing staff and MFASC, the
specific velocity was chosen to be approximately 50 fmin. This specific velocity was
- chosen for the following reasons. '

1. The velocity is considered as the minimum velocity at which 100% capture of actual
emissions.to the atmosphere can be achieved. This was verified using the small scale
capture hood and a smoke test.

2. The velocity is sufficiently low as to not overestimate the range of velocities that may
be encountered in a building that houses the process. This is important since these
internal air currents are responsible for transporting the emissions to the atmosphere.
For purposes of comparison, 50 ft/min equates to 0.57 miles per hour. Assuming that
outdoor wind speeds typically vary from 3 -10 mph, it is not unreasonable to assume
that 0.57 mph indoor air movements can be induced either by open doors, or the
building’s ventilation system.

3. According to the American Conference of Governmental Industrial Hygienist
Industrial Ventilation Manual, 50 fpm is the indoor air speed created by an effective
air conditioning systerm.

4. Calculations of settling velocity of small aerosols shows that small aerosol droplets
less than 10 microns in diameter are capable of remaining airborne for several
minutes, and much longer in moving air.

5. Past testing for cadmium emission factor has been successfully employed using a
similar capture velocity.

Two large doors on the southwest side of the building provided a continuous stream of
clean outside air to the tank area. The exhaust from the hood was directed towards a
building ventilation blower so that the nickel was swept from the building to avoid the
affects of hood exhaust recirculation. This air flow path was verified by smoke test.
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SAMPLING AND ANALYTICAL PROCEDURES

Flow Rate

The gas velocity within the sampling duct was measured during each sampling run at
eight points within the duct cross section according to SCAQMD Methods 1.2 and 2.3,
This was performed simultaneously with the pollutant sampling using a NIST traceable
standard type Pitot tube with a differential pressure manometer, and a type "K"
thermocouple with a potentiometer (Figure 7). The apparatus was checked for leaks both
before and after use by introducing a pressure head and blocking the flow at the Pitot tip.
An observation of the resulting stabilization in pressure at the manometer verified the
absence of leaks in the system. The stack's access ports were located using the approach
of SCAQMD Method 2.3 for ducts of less than 12 inches in diameter. Using this
approach, the sampling access ports were located approximately eight stack diameters
downstream and greater than two stack diameters upstream from flow disturbances. The
velocity access ports were located approximately five stack diameters downstream from
the sampling access ports and greater than two stack diameters upstream from a flow
disturbance. This configuration meets the minimum and most of the preferred SCAQMD
Method 1.2 requirements for measurement site location.

A cyclonic flow check was also performed to check for the presence of flow that is non-
parallel to the duct wall which can cause a bias in the flow measurement, This was
accomplished by rotating an S-type Pitot tube at each traverse point until a zero pressure
differential results at the gauge. The null angle is determined with an inclinometer as the
deviation of the Pitot angle with respect to a plane perpendicular to the theoretically
straight duct flow. Data from the cyclonic flow check shows that the duct does not
exhibit cyclonic flow as defined in Method 1.1.

The volumetric flow rate was calculated for each sampling run using the stack's cross
sectional area and average gas velocity. The flow rate was cormrected to standard
conditions by using the stack temperature and pressure along with the barometric pressure
measured with a calibrated aneroid barometer. The flow rate was also corrected to dry
conditions using the moisture content as determined by the SCAQMD Method 4.1 weight
gain from the nickel sampling train as described in the following section.
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Nickel Sampling - Modified CARB Method 433

A mnickel saxhpie was collected during each sampling run using Modified CARB Method
433, The modification was the same as that employed by MFASC contractor, PES, which
consists of the use of a back-up filter as opposed to the up-front heated filter.

The sample was collected from the locations within the sampling duct previously
described in the velocity measurements. Each sample was collected over a period of 120
minutes using a sampling train consisting of a glass probe and nozzle connected by a six
to eight foot length of non-reactive tubing to the first of two Greenburg-Smith impingers
each containing 100 ml of 0.1N nitric acid solution, an empty bubbler, 2 0.5 micron glass
fiber back-up filter, and a bubbler containing tared silica gel desiccant.

The impinger assembly was connected to a vacuum pump and a calibrated dry gas meter
as shown in Figure 8. The sampling apparatus was checked for leaks both before and
after sampling by blocking the flow at the probe tip. An observation of the resulting
decrease in flow at the meter to less than 0.02 cfm or four percent of the sampling rate '
indicated an acceptable leak rate. The impinger train was contained within an ice bath to
condense water and other condensable matter present in the sample stream.

The impinger train was returned to the SCAQMD laboratory for recovery. The recovered
solutions were dissolved in concentrated nitric acid and boiled down according to CARB
Method 433 and sent to West Coast Analytical Service, Inc. For analysis. Nickel
collected in the nozzle, probe, impingers, and filter was determined using CARB Method
433 by Inductively Coupled Plasma Mass Spectrometry (ICPMS).

At the request of the MFASC, ambient sampling within the plating facility was
conducted. The ambient samples were collected using the same configuration and
analysis as that used for emissions sampling. The ambient samples were collected at a
distance of approximately eight feet from the plating tank in the upwind direction with
respect to airflow in the building at approximately the same height that the air entered the
collection hood. The first ambient sample represents composite sampling of the ambient
air during the air agitation runs and during the first of the non-air agitation runs. The
second ambient sample represents composite sampling of the ambient air during the
second two non-air agitation runs. A blank field sample train was also analyzed as above
for quality control purposes.
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Capture Efficiency

The capture efficiency was determined by a smoke test. The smoke test was
accomplished using titanium chloride smoke generating tubes. This technique can be
used to verify 100% capture or conversely less than 100% capture by cbserving the flow
of the smoke into the capture hood. The observation of complete capture of the smoke
indicated 100% capture efficiency. The smoke test was conducted at the perimeter of the
tank between the temporary capture hood and the tank. Photographs of the actual smoke
test are shown in Figure 9.-

The height of the capture hood and the ventilation rates were adjusted in an attempt to
achieve the 50 ft/min specified velocity vertically within the hood as well as to the sides
of the hood. The actual velocities that were achieved during each sampling run were
calculated from the ventilation flow rate and the cross sectional areas. The results of
these calculations are presented in the following table:

. ., .| Horizontal Veloci
Run # Vent Velocity (fps) Vert;;al ;/elomty = Between Hood antg
; ood (fpm) Toak (om0
Run #1 with Air 26.33 38.0 49.0
Run #2 with Air 28.18 40.6 524
Run #3 with Air 26.98 38.9 50.2
Run #1 no Air 26.86 38.7 50.0
Run #2 no Air 26.52 38.2 493
Run #3 no Air 26.83 38.7 499

Where:

Vent Cross Section (7.0” diameter) = 0.267 ft®

Hood Cross Section (40” x 40)=11.11 f*

Gap Cross Section (7.75” between hood and tank) = 8.61 ft*

Vertical Velocity = Vent Velocity x 60 s/min x Vent Cross Section / Hood Cross Section
Horizontal Velocity = Vent Vel. x 60 s/min x Vent Cross Section / Gap Cross Section
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Air Agitation Rate

In order to achieve the desired air agitation rate of 0.83 acfm/fPun, the air agitation valve
was adjusted and the air agitation checked. This was repeated until the desired air
agitation rate was achieved. This desired air agitation rate was then visually verified to
be similar to that of the past MFASC testing by Mr. Dennis Becvar of PES who was
present at both testing events.

To measure the air agitation rate, a five gallon plastic bucket was inverted and submerged
to approximately one third of its height into the plating solution to create an air-tight seal
at the bucket’s perimeter. The bucket was moved across the surface of plating bath as to
encompass the average air agitation rate in the tank while maintaining the bucket at a
constant submersion height. A tap on the unsubmerged side of the bucket was connected
to a calibrated gas meter to measure the volume of air collected in the bucket during
which the elapsed time was also recorded. This technique was checked for accuracy in
the laboratory by bubbling a known amount of air into the bottom of a water bath. The
bucket technique was successful in duplicating the measurement of the gas metered into
the bottom of the tank.

The air agitation rate as determined by this method was reported in units of scfm. Since a
60°F temperature compensated meter was used at atmospheric pressure, the readings were
taken at very close to standard conditions. The moisture in the tank was, for the most
part, condensed in the line between the bucket and the meter. A residual moisture,
however, of approximately 2 - 5% remained in the metered air as it passed through the
line. For this reason, the air agitation rate was not reported as a dry flow rate.
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TEST CRITIQUE

‘The test was conducted under operating conditions so that the conditions of the past
MFASC testing could be duplicated. A comparison to key operational parameters to the
past MFASC testing are shown in the table below. It is assumed that these parameters
were chosen by the MFASC to be representative of the mickel plating applications for
which the emission factors are intended to be applied. :

Process Parameter MFASC Test SCAQMD Test
Plating Current Density 17 amperes/ft* s 24 amperes/ft’, .
o & 0.83 acf/ft?, 0.88 acfm/fi?,,
Alr Agitation Rate as measured by PES as measured by SCAQMD
Plating Solution 137-145 °F 119-123 °F
Temperature
Plating Solution Nickel 10.3 - 12.6 oz/gal 10.4 oz/gal
Content
Plating Solution Boric Acid 5.8 - 8.3 0z/gal 7.6 0z/gal
Content :
Plating Solution pH 3.4-43 2.0
Plating Solution Surface 34.2-35.9 dynes/cm 37.9 dynes/cm
Tension
Number of Drag-Out Events 6 , 6
per Run
Duration of Test Runs 120 min 120 min

The emissions for the air agitation runs were 3 times higher than the emissions without
air agitation. The increase in measured emissions from the air agitated condition as
compared to non-air agitated, is consistent with observations of the emissions
characteristics of each condition. This difference in the emissions characteristics are
consistent with the following observations comparing the agitated and non-agitated
conditions:

1. Nonp-air agitated nickel plating has been observed to exhibit very little bubbling during
plating due to a high efficiency of converting current to plating. . This differs from
chrome plating, where much bubbling is typically observed due to lower plating
efficiency where much of the electrical current causes electrolysis of the plating
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solution. As compared to the non-air agitated condition, the air agitation provides a
great deal of turbulence to cause the formation of solution aerosol droplets. The
difference between the two operating conditions is demonstrated in Figures 3 and 4.

2. A green nickel residue in the areas surrounding nickel plating tanks has been observed
as accumulation in the facilities that employ air agitation. This residue has been
observed within a large perimeter surrounding the plating tanks as well as high in the
building on overhead pipes and ducting. This suggests that the aerosol droplets
created by the air agitation can be sufficiently small so that they can be transported
away from the immediate area of the tanks. Conversely, very little of this residue was
observed at facilities that do not typically employ air agitation.

3. During testing it was observed that a burning sensation was experienced in the throat
when breathing the blower effluent during air agitation. This observation was due to
the acidic effects of the nickel plating solution on the throat while breathing. This
observation did not occur when breathing the blower effluent during the non-air
agitated condition. This indicates that a great deal more plating solution becomes
airborne during air agitation.

Since the parts were not entirely submerged in the plating solution, the actual applied
current density was calculated using the resulting plated surface area. Although the
resulting current density of 23.0 - 24.4 A/ft? is higher than the target current density of 20
A/f%, it remains within the lower portion of the 20 - 50 A/ff* range specified as normal
nickel plating in the Electroplating Engineering Handbook.

The measured ambient concentration for the air agitated condition was less than three
percent of that measured for emissions sampling. The blank sample detection was 67%
less than that detected in the ambient sample. The contribution of the blank and the
ambient are therefore considered as insignificant for the sampling with air agitation.

For the air agitated condition, the precision of the sampling as indicated by the
consistency of the triplicate sampling results is well within that which is generally
experienced and considered acceptable for this type of sampling. For the non-air agitated
condition, however, the precision of the sampling as indicated by the consistency of the
triplicate sampling results is not within that which is generally considered acceptable for
this type of sampling. '
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CONCLUSION

The results of the test during air agitation are considered as both sufficiently accurate and
precise for use in determining nickel emission factors. The increase in measured
emissions from the air agitated as compared to those measured during the non-air agitated
condition is consistent with observations of the emissions characteristics of each
condition. The results of the non-air agitation test, however, are considered to be less
precise due to poor reproducibility of the triplicate runs.

Unlike the other tests in this prdject, a recommendation on the emission factor in which
units would best represent actual emissions will not be made for this report. The reason
for this is that, at the time of this report’s issue, further testing is taking place. This
additional testing is designed to address the precision problems and provide confimmation
of the previous testing. Some guidance, however, is given as follows:

If the Ib/hr-ft,, factor is used, emissions would be determined by multiplying the factor
by ft’une as determined using the horizontal internal dimensions of a given tank, and also
multiplied by the hours of air agitation for emissions during a specified time period. It is
suggested that this factor is not well suited for non-air agitation applications due to the
mechanism for the emissions being relatively independent of tank surface area.

If the Ib/hr-ftzpms factor is used, emissions would be determined by multiplying the factor
by frzp,m as determined using the average total surface of parts that are plated in the tank,
and also multiplied by the hours of plating during a specified time period. It is suggested
that this factor is not well suited for air agitation applications due to the mechanism for
the emissions being relatively independent of part surface area.

If the Ib/hr-scfm,;, factor is used, emissions would be determined by multiplying the
factor by scfm of air agitation and also multiplied by the hours of air agitation for
emissions during a specified time period. If the bucket method is used to determine the
air agitation rate, the scfm/ft? result would be multiplied by the ft’,. as determined
using the horizontal internal dimensions of a given tank to determine scfm,;. This factor
would not be appropriate for non-air agitation applications.

The emission factors will not represent emissions from tanks that do not use a surface
tension reducing agent that reduces to the 38.9 dyne/cm level encountered in this testing.
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Figure 1 - Photograph of Dummy Parts
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Figure 2 - Photograph of Host Nickel Plating Tank
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Figure 3 - Photograph of Active Plating Surface with Air Agitation
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Figure 4 - Photograph of Active Plating Without Air Agitation
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Eront Side of Hood Covered with
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Ports
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Figure 5 - Temporary Ventilation System with Sampling Location
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21885 E. Copley Drive, Diamond Bar, CA 91765-4182 (3G9} 396-2000
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27~

Source Test Nos. 98-109, 88-110, 88-111

Figure 6 - Photograph of Temporary Ventilation System with Sampling Location
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Digital
O Potentiometer
Thermocouple '
Dt_.—.___:
Standard Type Pitot Tube
Static Holes

T

Gas Flow

Differential Pressure Manometer

Distance from Inner

Traverse Point # Stack Wall (in)
1,5 05
2,6 1.75
3,7 5.25
4,8 6.5

Access Ports

" Duct Cross-Section
Diameter 7 In

Figure 7 - Flow Rate Measuring Apparatus



0 South Coast
Air Quality Management District

21865 E. Copley Drive, Diamond Bar, CA 91765-4182 (909) 296-2000

Source Test Nos. 98-109, 98-110, 98-111 -29- Dates 9/3, 9/4, & 8/11/98

Glass Connectors
/\ 0.5 Micron Teflon Back-up Filter
i [~p
Stack f H:

Flow

(-
=
L=

0;1N Nitric Acid v Silica Gel — L lee/Water Bath Pump

Gas Mater

Figure 8 - Nickel Sampling Apparatus
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Figure 9 - Photographs of Smoke Test for Capture Efficiency
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SOURCE TEST CALCULATIONS

Average Velocity and Temperature

Run #1 with Air Agitation

Velocity Calculated
Traverse | Head #1 Teomp. Velocity
Point# | ("H:0) (F) (fps)
1 0.10 @5 21.60
2 0.14 95 25.56
3 0.15 92 26.33
4 0.15 80 2634
5 0.15 81 26.36
6 0.14 23| 25.47
7 0.15 90 26,34
8 0.16 90 27.20

Average Velociz ngs) 25.66
Average Temperature {F) - 81.75

. Run #2 with Air Agitation
Velocity Calculated

Traverse | Head#1 | Temp. Velocity
Point# | (H:0) | (°F) {fos)
1 0.14 90 25.45

2 0.18 91 2967

3 0.186 g0 27.20

4 0.18 90 28.85

5 D.14 90 25.45

6 0.18 80 28.85

7 0.15 80 26.34

8 0.17 89 28.02
Average Velocity (fps 27.48

[Average Temperature (-F) - 90

Where: Calculated Velocity = 2.9 x [Velocity Head x (460 + Temperature)]**
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SOURCE TEST CALCULATIONS

Average Velocity and Temperature

Run #3 with Air Agitation
Velocity |- Calculate
Traverse | Head #1 Teomp. Velocity
point# | ('H0) (°F) (fps)
1 0.14 81 25.24
2 0.16 82 27.01
3 0.18 82 28.64
4 0.14 81 25.24
5 0.14 80 25.21 =
6 0.17 81 27.81
7 Q.16 81 26.58
g 0.14 80 2521
Averags Velocig gfgz . 26.42
[Average Temperature (F) - 81
Run #1 No Air Agitation
} Velocity Calculate
Traverse | Head #1 Teomp. Velocity
Paint# | ("H0) (F) (fps)
1 0.17 83 27.88
2 0.16 80 26.96
3 0,14 83 25.28
4 0.12 80 23.34
5 0.14 80 25.21
5] 0.16 83 27.03
7 0.16 82 27.01
8 0.17 83 27.86
[Average Velocity (fps 26.32
verage Temperature {'F) - B1.75

Where: Calculated Velocity = 2.9 x [Velocity Head x (460 + Temperature)]”’
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SOURCE TEST CALCULATIONS

Average Velocity and Temperature

Run #2 No Air Agitation

Velacity Calculated
Traverse | Head #1 Teomp. Velocity
Point# | ("H0) (F) (fps)
1 0.12 90 23.56
2 0.14 91 25.47
3 0.18 a0 28.85
4 0.16 a0 27.20
5 0.13 89 24.50
6 0.15 a0 26.34
7 0.15 90 26.34
8 0.14 . 91 25.47
Average Velociz (fgsz 25.97
[Average Temperature (°F) - 90.125

Run #3 No Air Agitaﬁon

Velocity Calculated
Traverse | Head#1 | Temp. Velocity
Point# | (H:0) | CF) | (hos)
1 0.11 90 22.56
2 0.14 80 25.45
3 0.16 a0 27.20
4 0.21 89 31.14
5 0.11 89 2254
6 0.16 89 27.18
7 Q.16 87 27.13
8 0.16 85 27.08
Average Velocig_ ngs) 26.28
Average Temperature (F) - . 88625

Where: Calculated Velocity = 2.9 x [Velocity Head x (460 + Temperature)]™®
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SOURCE TEST CALCULATIONS
Flow Rate and Emissions for Run #1 with Air Agitation

Sample Train: Nicke! Train #5 Input by: M.Garibay
SUMMARY

A. Average Traversa VEIOCHY ..o sererrmeisssmissssiar st s e 2566 fps

B. Gas Meter Temperature (Use 80 deg.F for Temp Gomp. Meters).....ocvwcmmimerserncnss 100.3 deg F

C. Gas Meter Cormettion Factor. ..t 1.0042
D, Average Ofifice PrBESUTE.....oimrimsescosssmeises st s T 204 "H20
£ NQZZIE DIAMIEIEN .o cervserasrees srssieser e o asa bbb E e e 0.3212 inch
F1. Stack Dimension #t.............. 7 inch
F2. Stack Dimensicn #2..... . inch M. Pitot Comrection Factor.. 1.00
G. Stack Cross Sect. Area.......... 0.267 ft2 N. Sampling Time............. 120 min
H. Average Stack Temp............ 918 degF O. Nozzle X-Sect. Area... 0.00056 ft
|. Barometric Pressure..........c.-.. 28.70 "HoA P. Sample Collection...... 0.153 mg
J. Gas Meter Pressure {(1+(D/136 28.85 "HgA Q. Sample Collection......... 0.153 mg
K, Static Pressure........cocevsreenns -0.41 "H20 R. Water Vapor Condensed........ 563 ml
L. Total Stack Pressure {I+{K/13. 28.67 "HgA S. Gas Volume Metered.............. 101.067 dcf =
T. Corected Gas Volume [(S x J/29.92) % S20/(4B0+B) X Crinnneivneriroms s 90.823 dscf
PERCENT MOISTURE/GAS DENSITY
U. Percent Water Vapor in Gas Sample {(4.84 x R)/((0.0464 x R) + R 1) PSP 28B0 %
V. Average Molecular Weight (Wet).
Component Vol Fract. x  Moist. Fract, X Molecular Wt. = Wt/
Water 0.028 1.000 18.0 , C.50
Carbon Dioxide 0.000 Dry Basis 0.972 440 . 0.02
Carbon Monoxide 0.000 Dry Basis 0.972 28.0 ' 0.00
Cxygen 0.209 Dry Basis 0.872 . 32.0 , 6.50
Nitrogen & Inerts 0.791 Dry Basis 0972 28.2 , 21.67

Sum 28.69
FLOW RATE
W. Gas Density Correction Factor (28.95/V)5.eteemmisrecise e b e 1.00
X. Velocity Pressure Correction Facter (2 20.92L V5. . 1.02
Y. Corrected Velogity (A x M X WX KX)ot n s 26.33 fps
Z. Flow Rate (Y X G X BO)ocruieimeeerssmmrissonesos e sissias s s oo on st 422 cfm
AA. Flow Rate (Standard) {Z x (L/29.82) x [520/(460+H)]. ... 381 scfm
88. Dry Flow Rate (AA x (U1 10143 RSO p eeteete ettt a e 371 dscfm

SAMPLE CONCENTRATION/EMISSION RATE

CC. Sample Concentration 0. 01543 x (P/TH.... 2.60E-05 gridsct

DD. Sample Conc. [54,143xCC/ 587 (Molecular Wt )] 0.02388 ppm
. EE. Nicket Emission Rate (0.00857 x BB xCC).c.vrnnnann. 8.26E-05 Ib/hr

EF. Nickel Emission Rate [{.0001322x Q x BB)/T] 8.25E-05 Ibimr

GG, Isokinetic Sampling Rate [(& x T x 100)/(N x Ox BB)] 97.0 %



South Coast

(o]

Alr Quality Management District

21885 E. Copley Drive, Diamond Bar, CA 91765-4182 (309) 396-2000

Source Test Nos. 88-109, 98-110, 98-111

SOURCE TEST CALCULATIONS

-35-

Dates 9/3, 9/4, & 5/11/88

Flow Rate and Emissions for Run #2 with Air Agitation

Sample Train: Nicke! Train #14 Input by: M.Garibay
SUMMARY
A. Average Traverse VEIOCHY............uweeceererioneoreooooooo 27.48 fps
B. Gas Meter Temperature (Use 50 deg.F for Temp Comp. Meters)........c..oooooveoonio 102.8 deg F
C. Gas Meter Correction FROIOM....ereceiit ettt et et 1.0042
D. Average Orifice Pressure e e e eee s aessereanen 2.12 "H20
E. Nozzle Diameter.......c.......v.vouieeioreenos oo 0.3125 inch
F1. Stack Dimension #1__........ 7 inch
F2. Stack Dimension #2.... inch M. Pitot Correction Factor........... 1.00
G. Stack Cross Sect. Area..., 0.287 2 N. Sampling Time............ 120 min
H. Average Stack Temp.... 90.0 degF O. Nozzle X-Sect. Area 0.00053
|. Barometric Pressure................ 28.70 “"HgA P. Sample Coliection................... 0.172 mg
J. Gas Meter Pressure (1+(D/13.6 28.86 "HgA Q. Sample Colfection................... 0.172 my
K. Static Pressure.........co.c.......... -0.41 "H20 R. Water Vapor Condensed. 50.6 mi
L. Total Stack Pressure (I+(K/13, 28.67 "HgA S. Gas Volume Metered.............. 101.190 dcf
T. Corrected Gas Volume [{S x J/28.82) x S0/(480+B) X Cooveoeee e 90.548 dscf
PERCENT MOISTURE/GAS DENSITY
U. Percent Water Vapor in Gas Sample ((4.64 x R)/((0.0464 x R) + LD ) T 253 %
V. Average Molecular Weight (Wet):
Cemponent Vol. Fract. x  Moist. Fract, x Molecular Wt = Wi/
Water 0.025 1.000 18.0 , 0.45
Carbon Dioxide 0.000 Dry Basis 0.975 44.0 . 0.02
Carbon Monoxide 0.000 Dry Basis 0.975 280 s 0.00
Oxygen - 0.209 Dry Basis 0.975 320 , 6.52
Nitrogen & Inerts ‘0.791 Dry Basis 0.975 28.2 , 21.73

Sum 28.72
FLOW RATE
W. Gas Density Correction Factor {28 95IVINS e 1.00
X. Velocity Pressure Correction Factor (28.921L)75..... 1.02
Y. Corrected Velocity (Ax M x Wx 3Q.................. 28.18 fps
Z. Flow Rate (Y x G X B0)........cormrecreereresmsenrronroeoeeeeeeee oo 452 cofm
AA. Flow Rate (Standard) {Z x (L/29.92) x [520/{(480+H)]}........................... . 409 sefm
BB. Dry Flow Rate (AA x (Ui D00ttt 399 dscfm

SAMPLE CONCENTRATION/EMISSION RATE

CC. Sample Concentration [0.01843 x (P/T).covvvr e
58.7 (Molecular Wt.)]

DD. Samnple Cone. [54,143xCC/

EE. Nickel Emission Rate (0.00857 x BB xCC)
FF. Nickel Emission Rate [(.0001322 x Q x B8B)T)
GG. Isokinetic Sampling Rate [(G x T x TOOMIN X © X BB))evovvieioecee e oo

2.893E-05 gridscf
0.02703 ppm
1.00E-04 Ib/hr
1.00E-04 Ib/hr
84.¢ %



South Coast
Air Quality Management District

21865 €. Copley Qitve, Diamend Bar, CA 91765-4182 (908} 335-2000

o]

Source Test Nos. 98-108, §8-110, 88-111 -36-

SOURCE TEST CALCULATIONS

Dates 9/3, 9/4, & 9/11/98

Flow Rate and Emissions for Run #3 with Air Agitation

Sample Train: Nicke! Train #15 Input by: M.Gaﬁﬁay
SUMMARY
A Average Traverse VRICCIY ...co.o.omrrrrmiserrire i sammis s s o0 26.42 fps
8. Gas Meter Temperature (Use 60 deg.F for Temp Comp. Metars) 87.6 deg F
C. Gas Meter Correction Factor. 1.0042
D. Average Orifice Pressure.........ooveeee 0.79 "H20
B NOZZIE DIBITIBLR e rvereerreeesnbs ens sremss ses s res cotabmem s srs s n st s s 0.2500 inch
F1. Stack Dimension #1.covvves 7 inch
F2. Stack Dimension #2....... inch M. Pitot Correction Factor........... 1.00
G. Stack Cross Sect. Area 0.267 ft2 N. Sampling Time.........coecimenns 120 min
H. Average Stack Temp............. 81.0 degF 0. Nozzie X-Sect. Area 0.00034 ft
1. Barometric Pressure.....c.oevoe 28.95 "HgA P. Sample Collection................... 0.0578 mg
J. Gas Meter Pressure {{+(D/13.6 29.01 "HgA Q. Sample Collection.........ccoeee 0.0578 mg
K_ Static PreSSUre.........ocoiienrens -0.37 "H20 R. Water Vapor Condensed 335 ml
L. Total Stack Pressure (1+(K/13. 28.82 "HgA S. Gas Volume Metered............. 62,388 dcf -~
T. Corrected Gas Vetume [(S x J129.92) x 520/{4B0+B) X.Co.ooviviiimimmariss et 57.679 dscf
PERCENT MO!STURE/GAS DENSITY
U. Percent Water Vapor in Gas Samgle ({4.64 x R)/({0.0484 x R+ T oriimrenrereccesins 262 %
V. Average Molecular Weight (Wet):
Component Vol Fract. x  Moist Fract. X Molecular Wt. = Wt/
Water 0.026 1.000 18.0 . 0.47
Carbon Dioxide 0.000 Dry Basis 0.974 44,0 , .02
Carbon Monoxide 0.000 Dry Basis 0.974 28.0 , 0.00
Oxygen 0.209 Dry Basis 0.974 320 , 8.51
Nitrogen & Inerts 0.791 Dry Basis 0.874 28.2 R 2.7

Sum 28.71
FLOW RATE
W. Gas Density Correction Factor (2B.95NVIN Bt e 1.00
X Velocity Pressure Correction Factor (29.92/L )85, 1.02
Y. Corrected Velocity (Ax Mx W x X)..ooee 26.98 fps
Z. Flow Rate (Y X G X B0) oot 433 cfm
AA. Flow Rate (Standard) {Z x (L/29.92) x [520/(480+H)T}.. 402 scfm
BB. Dry Flow Rate (AA X (UHD0])..ccoicrurminimrisimnnsrneens st 391 dscfm

SAMPLE CONCENTRATION/EMISSION RATE

CC. Sample Concentration [0.01543 x (PIT)]
DD. Sampie Conc. [54,143xCC/ 58.7 (Molecular Wt)]..
EE. Nickel Emission Rate (0.00857 x BB xCC)
FF. Nickel Emission Rate [(.0001322x Q x BBYT]
GG, Isokinetic Sampling Rate [(G x T x 100/(N x O x 121:)) TR OPRPUPPPR PRI ERS

1.55€-05 gri/dscf
0.01426 ppm
5.19E-05 Ib/hr
5.19E-05 Ib/hr
96.3 %



South Coast
Air Quality Management District

21865 E. Copley Drive, Diamond Bar, CA 81765-4182 (909) 386-2000

Source Test Nos. §8-109, 98-110, 98-111 -37- Dates 9/3, g/4, & 9/11/98

SOURCE TEST CALCULATIONS
Emissions for Ambient with Air Agitation

Sample Train: Nickel Train #7 Input by: M.Garibay

SUMMARY

A. Average Traverse Velocxty fps

B. Gas Meter Temperature (Use 80 deg.F for Temp Comp. Meters)......... . 982deg F

C. Gas Meter Cofrection Factor................ou oo - 1.0023

D. Average Orifice Pressure......... 235 "H20

E. Nozzle Drameter .................................... inch

F1. Stack Dimension #1.............. inch

F2. Stack Dimension #2.............. inch M. Pitot Correction Factor.......

G. Stack Cross Sect. Area.......... ft2 N. Sampling Time............. 510 min

H. Average Stack Temp.............. deg F 0. Nozzle X-Sect, Area.. ft

|. Barometric Pressure............... 28,70 "HgA P. Sample Collection................. 0.0084 mg

J. Gas Meter Pressure {|+(D/13.6 28.87 "HgA Q. Sample Collection................. 0.0084 mg

K Static Pressure....................... "H20 R. Water Vapor Condensed........ 120.1 ml

L. Total Stack Pressure (i+(K/13, "HgA S. Gas Volume Metered.............. 431.413 dcf

T. Corrected Gas Volume [(S x J/29.92) x S20/(480+BY X C..oooooeooevveeeeeeoooeoo 388.715 dscf

PERCENT MOISTURE/GAS DENSITY

U. Percent Water Vapor in Gas Sample ((4.64 x R)/({0.0464 x SRR ) N 1.41 %

V. Average Moiecular Weight (Wet):

Component Vol Fract. x  Moist. Fract. X Malecular Wt. = Wt/

Water 0.014 1.000 18.0 , 0.25

Carbon Dioxide 0.000 Dry Basis 0.986 44.0 . 0.02

Carbon Monoxide 0.0C0 Dry Basis 0.986 28.0 \ 0.00

Oxygen 0.209 Dry Basis 0.986 32.0 ) 6.58

Nitrogen & Inerts 0.791 Dry Basis 0.986 28.2 , 21.98
Sum 28.85

FLOW RATE

W, Gas Density Correction Factor (2B.85/VYM S e 1.00

X. Velocity Pressure Correction Factor (20.92/L)7.5... . . .

Y. Corrected Velocity (Ax M x W x b4 FORUTU fps

Z. FlowRate (¥ x G x BO). e oo cfm

AA. Flow Rate (Standard) {Z x (L/29.82) x [S20H(4B0+H)] ... ovoeveeeeeseo o scfm

BB. Dry Flow Rate (AA x (U1 000 e dscfm

SAMPLE CONCENTRATION/EMISSION RATE

CC. Sample Concentration [0.01543 x (P/T)] 3.33E-07 gridscf

DD. Sample Conc. [54,143xCC/ 58.7 (Molecutar Wt.))... .. 000031 ppm

EE. Nickel Emission Rate (0.00857 x BB XCC )it Ib/hr

FF. Nickel Emission Rate [(.0001322x Q x 112370 s OO Ib/hr

GG. Isokinetic Sampling Rate [(Gx Tx 100)(N x O x BB)]............ %




() South Coast
Air Quality Management District

21865 E. Copley Oriva, Diamond Bar, CA 91765-4182 (909)396-2000

Source Test Nos. 98-108, 98-110, §8-111 -38-

SOURCE TEST CALCULATIONS

Dates 9/3, 8/4, & 9/11/98

Flow Rate and Emissions for Run #1 No Air Agitation

Sample Train: Nickel Train #4

Input by: M.Garibay

SUMMARY
A, Average Traverse VEIOGHY ... wmssirsmrssers s s oo 2632 fps
B. Gas Meter Temperature (Use 60 deg.F for Temp Comp. Meters)......cocevrerairensanos 853 deg F
C. Gas Meter Correction Facter 1.0042
D. Average Orifice Pressure....... 1.99 "H20
E. Nozzle T VURTIPRP RSB HEE SRR R 0.3168 inch
F1. Stack Dimension #1....ccocuenes 7 inch
F2. Stack Dimension #2...........-- inch M. Pitot Correction Factor.......... 1.00
G. Stack Cross Sect. Area... 0.267 ft2 N. Sampling Time........... 120 min
H. Average Stack Temp... 81.8 degF 0. Nozzle X-Sect. Area.... 0.00055 ft
1. Barometric Pressure........w.... 28.85 "HgA P. Sample Collection....... 0.0041 mg
J. Gas Meter Pressure (1+(D/13.6 29.10 "HgA Q. Sample Collection.......... 0.0041 mg
K. Static Pressure. ... s -0.40 "H20 R, Water Vapor Condensed........ 459 ml
L. Tatal Stack Pressure (I+(K/13. 2892 "HgA S. Gas Volume Metered.............. 99153 defr
1. Corrected Gas Volume [(S x J/29.92) x S20/{480+B) X Cucvrnrveremsrramssmmsmersssisssissssssinee: 92,336 dscf
PERCENT MOISTURE/GAS DENSITY
U. Percent Water Vaper in Gas Sample ({4.64 x R)/((0.0464 x RY+ THeeirermrenmiemance 225 %
V. Average Molecular Waeight (Wet):
Component Vol Fract. x  Moist Fract x Molecular Wt. = Wt/
Water 0.023 1.000 18.0 . 0.41
Carbon Dioxide 0.000 Dry Basis 0.977 440 , 0.02
Carbon Monoxide 0.000 Ory Basis 0.977 28.0 , 0.00
Oxygen ' 0.208 Dry Basis 0.977 320 , 6.54
Nitrogen & Inerts 0.791 Dry Basis 0.977 28.2 , 2179

Sum 28.75
FLOW RATE
W. Gas Density Correction Factor i Roi=T)) Al TR RISt 1.00
¥. Velocity Pressure Correction Factor (20.92/L)05. oo 1.02
Y. Corrected Velocity (A x M x Wx K] eronereeeassnseesreare et R R 26.86 fps
7. Flow RAE [Y X § X B0)ccoouirrrmsuasssceemiamssssrrrmassanrss st s e e 431 ofm
AA. Flow Rate (Standard) {Z x (L/23.92) x [5201480+H)]}.. 400 scfm
BB. Dry Fiow Rate (AA X (U00))...cmmommurmeesmmmsmmmmssmsissssressessss st 391 dscfm

SAMPLE CONCENTRATION/EMISSION RATE

cC. Sample Cencentration [0.01543 X {PT)cecvvieirerenicrimsinsssnen e

6.85E-07 gridscf

DD. Sample Conc. [54,143xCC/ 58.7 (Molecular Wt.)l. 0.000683 ppm
EE. Nicke! Emission Rate (0.00857 x BB xCC) 2.29E-06 lb/hr
FE. Nickel Emission Rate [(.0001322x Q x BBYT] ervvarananee | 2.29E-08 Ibfhr
GG. |sokinetic Samptling Rate {{Gx Tx JOOWN X O X BB)ouvrrienrecissirsnrnssiamesseseenenins 96.2 %




South Coast
Air Quality Management District

21885 E. Copley Drive, Dlamond Bar, CA 91765-4182 (309) 396-2000

[

Source Test Nos. 98-109, 88-110, 98-111 -39-

SOURCE TEST CALCULATIONS

Dates 9/3, 944, & 9/11/98

Flow Rate and Emissions for Run #2 No Ajr Agitation

Sample Train: Nickel Train #12

Input by: M.Garibay

SUMMARY
A. AVBraGE TraVerse VEIOGHY...............oooeeoeceremeensaess oo '25.97 fps
B. Gas Meter Temperature (Use 80 deg.F for Temp Cormp. Meters) 94.6 deg F
C. Gas Meter Correction Factor 1.0023
D. Average Orifice Pressure,...... 1208 "H20
E. Nozzle Diameter.......covuvevuvveeenoo 0.3125 inch
F1. Stack Dimension #1.... 7 inch
F2. Stack Dimension #2.... inch M. Pitot Correction Factor............ 1.00
G. Stack Cross Sect. Area 0.267 ft2 N. Sampling Time..........ce.o...... 120 min
H. Average Stack Temp.............. 80.1 degF O. Nozzle X-Sect. Area.......,...... 0.00053 #
I. Barometric Pressure................ 28.85 "HgA P. SBampie Collection.................. 0.0734 mg
J. Gas Meter Pressure (I+(D/13.6 29.00 "HgA Q. Sample Collection.................. 0.0734 mg
-K Static Pressurs...................... ~C.40 "H20 R. Water Vapor Condensed....... 323 ml
L. Total Stack Pressure (I+(K/13. 28.82 "HgA S. Gas Volume Metered.............. 85.502 dcf
T. Comected Gas Volume [{S x J/29.92) x 520/(480+B) X C..coooooooooo 86.999 dscf
PERCENT MOISTURE/GAS DENSITY
U. Percent Water Vapor in Gas Sarnple ((4.64 x R)/((0.0454 x RY* TN 1.69 %
V. Average Molecular Weight (Wet):
Component Vol. Fract. x  Moist Fract, x Molecular Wt. = Wt/
Water 0.017 1.000 18.0 . 0.30
Carbon Dioxide 0.000 Dry Basis 0.983 44.0 \ 0.02
Carbon Monoxide 0.000 Dry Basis 0.983 28.0 . 0.c0
Oxygen 0.209 Dry Basis 0.983 32,0 \ 6.57
Nitrogen & Inerts 0.791 Dry Basis 0.983 282 . 21.82

Sum 28.81
FLOW RATE
W. Gas Density Correction Factor (BOSIVING. oo 1.00
X Velocity Pressure Correction Factor (28.82/L)75........ 1.02
Y. Corrected Velocity {A x M x W x b3 OO 26.52 fps
Z. FlowRate (Y x G x BO).. e, 425 cfm
AA. Flow Rate (Standard) {Z x (L/28.92) x [S20/(480+H).....ooocvreevr 387 scfm
BB. Dry Flow Rate (AA x (U D0t et oo e 381 dscfm

SAMPLE CONCENTRATION/EMISSION RATE

CC. Sample Concentration [0-81543 X (PIT)] oot
DD. Sample Conc. [54,143xCC/ 58.7 (Molecular Wt.)).
EE. Nickel Emission Rate (0.00857 x BB XCC) ittt
FF. Nickel Emission Rate [(.0001322 x Q x 1=1-)72 o U
GG. Isokinetic Sampling Rate [(CGx Tx100¥(Nx Ox BB))...........

1.30E-05 gr/dscf
0.01201 ppm -
4.25E-05 |bfr
4.25E-05 Ib/hr
95.6 %



South Coast
Air Quality Management District

@ 21465 E. Copley Drive, Diamond Sar, GA 91765-4182 (309) 396-2000

Source Test Nos. 98-108, §8-110, 98-111 -40- Dates 9/3, 9/4, & 9/11/98

SOURCE TEST CALCULATIONS
Flow Rate and Emissions for Run #3 No Air Agitation

Sample Train: Nickel Train #10 input by: M.Garibay
SUMMARY

A. Average Traverse AJRIOEIY v 1oaereoesresessebe s b sm s s 26.28 fps
B Gas Meater Temperature (Use €0 deg.F for Temp Comp. Meters) 98.7 deg F
. Gas Meter Correction Fattor ..ot 1.0023

D. Average Orifice Pressure...... 2.31 "H20
E. Nozzle DATIBAEI e eoerves e ems e s momna s oma 4RSS 0.3168 inch
F1. Stack Dimension #1.....cveern 7 inch

£2. Stack Dimension #2.......-o. inch M. Pitot Correction Factor........... 1.00

G. Stack Cross Sect. Area......... 0267 f2 N. Sampling Time ... 120 min
H. Average Stack Temp . 886 degF 0. Nozzle X-Sect. Area... .. 0.00055 ft

1. Barometric Pressure......uawes 28.85 "HgA P. Sample Collection......c....ccvue. 0.0634 mg
J. Gas Meter Pressure (1+(D/138 28.02 "HgA Q. Sample Coflection............o.ee. 0.0834 mg
K. Static Pressure.....vweesiens -0.37 "H20 R. Water Vapor Condensed........ 26.2 mi

L. Total Stack Pressure (1+(K/13. 28.82 "HgA S. Gas Volume Metered............. 100.637 dcf ,
T. Corrected Gas Voiume {(S x J129.92) x 520/(480+8B) x [ TR TS IP PRI P TEH 91.057 dscf
PERCENT MOISTURE/GAS DENSITY

U. Percent Water Vapor in Gas Sample ((4.64 x R)/((0.0464 x R) + B ) TR 1.32 %

V. Average Molecular Weight (Wet):

Component Vol Fract. X  Moist. Fract X Molecufar Wt = Wt.f
VWater 0.013 1.000 18.0 ' 0.24
Carbon Dioxide 0.000 Dry Basis 0.287 440 , - 0.02
Carbon Monoxide 0.000 Dry Basis 0.887 28.0 . 0.00
Oxygen 0.20¢ Ory Basis 0.087 320 . 6.60
. Nitrogen & Inerts 0.791 Dry Basis 0.987 . 28.2 . 22.00

Sum 28.86

FLOW RATE

V. Gas Density Correction Factor (28.85/VYN B ceriireecncm b e 1.00

X. Velocity Pressure Correction Factor (20.92L"5......... 1.02

Y. Corrected Velocity (Ax M x Wx b4 PSPPSR S R 26.82 fps
Z. Flow Rata (¥ X G X BO)...o.oiimmiseumsiasinsriasesssmmssss e st 430 cfm
AA. Flow Rate (Standard) {Z x {L/28.82) x [520/(480+H)} 393 scfm
BB. Dry Flow Rate (AA x (UN 00))-.orsev s B 388 dscfm

SAMPLE CONCENTRATION/EMISSION RATE

CC. Sample Concentration {0.01543 x [T10) [IRESIERRREERREE S 1.07E-05 gridsct
DD. Sample Cone. [54,143xCC/ 58.7 (Molecular Wt)J... . 0.00881 ppm
EE. Nickel Emission Rata (0.00857 x BB XCC)urenivvermmrrnimernsenss ... 3.57E-05 tb/hr
FF. Nickel Emission Rate [(.0001322x A x BBYT] ssvssnasereen 3.57E-D5 Infhr
GG. Isokinetic Sampling Rate [(G x T x 100M(N X O X BB)Jcverirmsemmmionaansamnsren e sinseees 856 %




South Coast
Air Quality Management District

21865 E. Copley Drive, Diamond Bar, CA 91765-4182 (909) 395-2000
Source Test Nos. 98-109, 88-110, 98-111 -41- Dates 9/3, 9/4, & 9/11/98
SOURCE TEST CALCULATIONS

Emissions for Ambient No Air Agitation

Sample Train: Nicke! Train #1% Input by: M.Garibay
SUMMARY
A. Average Traverse VEIOCHY...............oowvrmrvorsooosesos o fps
B. Gas Meter Temperature {Use 80 deg.F for Temp Comp. Meters........... 965 deg F
C. Gas Meter Correction Factor..... 1.0042
D. AVErage Orifice PreSSUTE........c.ucome. o oceoevivs s e 250 "H20
E. NOZZIR DIZMLE. .o o inch
F1. Stack Dimension #1............ inch
F2. Stack Dimension #2....... inch M. Pitot Correction Factor...
G. Stack Cross Sect. Area.., ft2 N. Sampling Time...................... 255 min
H. Average Stack Temp...... deg F O. Nozzle X-Sect. Area............... ft
|. Barometric Pressure................ 28.85 “"HgA P. Sampte Collection.................. 0.005 mg
J. Gas Meter Pressure (I+(D/13.6 29.03 "HgA Q. Sample Coliection................. 0.005 mg
K. Static Pressure....................... "H20 R. Water Vapor Condensed........ 25.4 mi
L. Total Stack Pressure {1+(K/13. "HgA S. Gas Volume Metereq.............. 231,455 def
T. Corrected Gas Volume [(S x J/28.82) x 520/(480+B) X oo 210.750 dscf
PERCENT MOISTURE/GAS DENSITY
U. Percent Water Vapor in Gas Sample ((4.84 x R)/((0.0464 x R)+THereieevioeenrnn 056 %
V. Averags Molecular Weight (Wet):
Conzponent Vol. Fract. x  Moist. Fract, X Molecular Wit. = Wt/
Water 0.0086 1.000 18.0 . 0.10
Carbon Dioxide 0.000 Dry Basis 0.994 44.0 . 0.02
Carbon Monoxide 0.000 Dry Basis 0.994 28.0 . 0.00
Oxygen 0.209 Dry Basis 0.294 32.0 . 6.65
Nitrogen & Inerts 0.791 Dry Basis 0.694 282 , 22.17

Sum 28.94
FLOW RATE
W. Gas Density Correction Factor (2B.95N\VAS e 1.00
X. Velocity Pressure Correction Factor (9.2 5 e
Y. Corrected Velocity (A x M x W x b RO fps
Z. Flow Rate (¥ X G X 80).c.......ooroirorooeoereeeereri cfm
AA, Flow Rate (Standard) {Z x (L129.92) x [S20/(460+H)]}.............. scfm
EB. Dry Flow Rate (AA x (UAQ0D s dscfm

SAMPLE CONCENTRATION/EMISSION RATE

CC. Sample Concentration [0.01543 x (P/T)]
r Wit

DD. Sample Conc. {54,143xCC/

58.7 (Molecula

3.66E-07 gridsct
0.00034 ppm

EE. Nicke! Emission Rats (0.00857 x BB xCC)............. ib/hr
FF. Nickel Emission Rate [(.0001322% Q % BBYTL.e.vvuecerr lefhr
GG. Isokinetic Sampling Rate [(G x T x T00VINX O X BBY.ooooeeooeo %



South Coast
s Air Quality Management District

ACMO 21865 E. Copley Drive, Oiamond Bar, CA 91765-4182 (309) 3562000

Source Test Nos. 98-109, 98-110, 98-111 -42- Dates 9/3, 9/4, & 9/11/98

‘"SOURCE TEST CALCULATION S
Unit Conversions

Run# Iohr | Io/he-R2 tank | Ibhr-i2 parts b/hr-cimair | gridscf | mg/dscm mp/hr | amperes | mg/Achr
1air |B8.26E-05| 5.51E-06 1.42E-05 6.33C-06 | 2.60E-05] 5.95E-02 37 142 0.264
2air | 1.00E-04] B.57EL06 1.72E-05 7 66E-06 | 2.83E-05| 6.70E-02 45 142 0.319
3air | 5.19E-05| 3.46E06 B.OJE-06 | .3.80E-06 | 1.55E-05|3.55E-02 24 138 0.171

Awverage | 7.82E-05 521E-06 1.34E-05 5 96E-06 | 2.36E-05| 5.40E-02 35 141 0.251
Anmbient NA N/A NA NA 333E-07| 762E-04| NA NA NA
1no air | 220606 1.83E-07 3.83E-07 6.30E-04 |6.85E-07(1.57E-03 1 138 0.008
2 no air | 4.25E-05| 2.83E-06 730E-06 | 1.20E-02 | 1.30E-05| 2.97E-02 19 135 0.143
ano air | 3.56E-05| 2.3706 6.12E-06 9.10E-03 | 1.07E-05| 2.45E-02 18 134 0.121
Average | 2.68E-05 1.79E-06 4.60E-06 7.25E-03 | 8.13E-06 | 1.86E-02 12 136 '0.090
Amrbient NA NA N/A NA 3p6E-07 | 8.38E-04] NA NA N/A

Where:

Surface Area of Tank Solution = 15 ft2

Surface Area of Parts = 5.82fi2

Air Agitaion Rate Run#1 = 0.87 cfim/ft2ztank

Air Agitaion Rate Run#2 = 0.87 cfimfft2tank

Alr Agitaion Rate Run#3 = 0.89 cfirvftetank

ib/hr is from the Flow Rate and Mass Emission Rate Spreadshest

Ib/hr-f2 tank = Ibvhr / Surface Area of Tank Solution

Ib/hr-fi2 parts = Ibvhr / Surface Area of Parts

Io/hr-cfmair = [bhr-fi2tank / Air Agitation Rate per fi2tank

ppmis fromthe Flow Rate and Mass Emission Rate Spreadsheet

gridscf is fromthe Flow Rate and Mass Emission Rate Spreadsheet

mg/dsem = gridscf*2288.3

mg/hr = Ib/he x 4535862

amperes is the average plating amperage fromthe facility's ammeter (no totalizing amp-hr meter)
mo/Achr = mg/hr / average plating amperage during testing period .
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APPENDIX

Field Data, Calibration Daté, and Laboratory Results
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'E:\e :zli'br.u'«lwn of the Ditot static whes were perfanmed @ e im (thre-foat) by 1 m {three-foat)
IST Lew Veiccity Airilow Eacility. Thbe inscument undezl&st sras suppanzd aear the cenler

!
: ' that presented pegligible inmrferencs 0 the flow. The iz spevd was

?f {lie funac in 8 WAXDT
treasured Ly the NIST labomatory standard laser velocimeter on G= ceateriing of the fuazel,

l:psmzm qf"ms Piuistatic nbes. The air mmpsTAULRE, tamidity. and atmespheric proaysure WEre

biasured insids the wunoel. ' )
The calibration of the Pitut-satic tabe consists of Jetzymining the calibrarion factur, ¥, definzd
Ls the squafe root of the ratio uf the air spesd ipdicated by the qrrmment under 260 10 te s

indicar=] by ﬂtN[STLabcmm{y_sumud-ydmimtcr. Emaybss fauetion of the Reynolds

amber, Be. Wh_ﬂch i c.:.p-ltsscd 29 :

1 . .

} P Re = Vd/v

! 1 :

1 ; . . .

{wme.v is}:r.é. air ype=d, d is the SinmatEr of b= Pitot-szric tibe. and v 15 the kirematic viscosity.
iTwa calibrztion cycles were done, separated by 2 shurdown. Each speed fn eaca cyzle s weasured

! !
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Tables 1 and{2 ond Figure } show the expanded uncerizinty values for the NIST air speed
calibragion fucilifics.! The data listed in the remaining wbles are galculaied fom the means of the
10] measuremears at cach spead. Listed are (= 2ir spesd measured by the NIST standard, K, Re.
(he expanded uncerminty of the measurements for the insteument wndzr iest, '

e cxpandsd unceruimy of he measured values for Le inswument upder test, U, Is given by®

[ Umkju;

|
! ]
H |

1 .
Fore K I the coverage factor, taken 10.be 2, wul the y arc the contriudons w (L nnccrtainty
fram V_ar'mus! arces. For this calibration., there ars twa svureés of uneerainey; , is te standard
bviztion u[l‘nt:nm;asurcmmxwhspccd. and 15 ons half the uncertainty at 2 given spesd
shown @ Taotles 1 xnd 2 and in Figure 1, whivh was obraincd through the charatterization of the

IT'LST mnda\'t!.s

ur the Trcktor,
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! Expanded Unﬁeminﬂé for NIST Air 9pu:d Facilities

|
Table 1. Equnded Uneertaincy of the NIST Lo Velogity Au:now Fadlity
T Air Spess, m/s Uncertainty. (%) El" Air Specd, fom
| w10 10 0.6 AT w2200
, . .
- Table 2, Expanded Uncertuiury of the NIST Dual est-Sectina Wind Tunnels
L i kpm ws l neerudasy, % \ Air Spe=d. fpm
1 ‘ 3.8 ' " 200

I P2 i 13 ' a0
J
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0.45 100
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2000
3000 - 15000
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i )
- kigure 1. qv apl of NAST Expﬂnded Uncertainties - all facxl.\ﬂes R
! Alr Speztd, 'an
k 10 1600 10000
. i 3 [ 1. 101 || ' - ' L t ) [ i
4 \ ) : . l
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£ 4 5
, A I W '\
- 5. ' mwfmwmxw |
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§ z \\. . J
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& NIST Lowe Velosiey m:.\w\vdnu-nmg
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SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT
21865 Copley Dr., Diamond Bar, CA 91765-4182

APPLIED SCIENCE AND TECHNOLOGY
LABORATORY ANALYSIS REPORT

TO Mike Garibay, Engineer I LABORATORY NO 9253808
Source Testing & Engineering
Monitoring & Analysis REFERENCE NO ISV-25.35

SOURCE TESTNO  58.109

SAMPLE Four Nickel Trains

One Reagent Blank PREPARATION NO 9239804
SOURCE California Technical Plating. DATE RECEIVED - - 9/4/98
Nickel Plating Tank

11533 Bradley St.
San Fernando, CA

ANALYTICAL WORK PERFORMED, METHOD OF ANALYSIS, AND RESULTS

Nickel by CARB Method 433
Equip Number(s) ) 14 15 7
Sample point ' source source source composite

sample - sample  sample  ambient

Moisture gain (loss), g 56.3 506 33, 120.1

Silica gel expended, percent 85 90 50 >95

Notes on train condition (1) (2) 3) (4)

Total nickel, ug 153 172 57.8 84 - ASTDH RECE!VED
Comments and deviations: 0CT 05 1998
(1) Some graying over filter support holes. ST #

(2) Very light graying over filter support holes. T &E. BRANCH
(3) No graying on filter.

(4) Substantial graying over filter support holes.

Samples were reported with reagent blank subtracted. Reagent blank was 1.2 ug total.
Samples were analyzed by West Coast Analytical Services (WCAS) by ICP/MS. (see
attached report)

Date Approved: 61 < ‘;Zf /( Approved By: %ﬁ-/i/ QL_\

Rudy Eden/Senior Manager
Laboratory Services

Elastd\...\9253808.doc






SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT
21865 Copley Dr., Diamond Bar, CA 91765-4182

APPLIED SCIENCE AND TECHNOLOGY
LABORATORY ANALYSIS REPORT

TO Mike Garibay, Engineer II LABORATORY NO 9253807
Monitoring & Engineering .
Monitoring & Analysis REFERENCE NO ISV-25-35

SOURCE TESTNO  28-110

SAMPLE Two Nickel Trains

One Reagent Blank PREPARATION NO 9240807
SOURCE California Technical Plating. DATE RECEIVED 9/6/98

Nickel Plating Tank _

11533 Bradley St.

San Fernando, CA

ANALYTICAL WORK PERFORMED, METHOD OF ANALYSIS, AND RESULTS

Nickel by CARB Method 433
Equip Number(s) 3 4
Sample point field source

blank sample A5t RECEIVEB

Moisture gain (loss), & <0.1 45.9 0T 0=
Silica gel expended, percent <10 75 ST & 1993
Notes on train condition ¢)) L. &E, BRAN(‘
Total nickel, ug : 2.8 4.1 CH

Comments and deviations:

(1) Filter was off-center.

Samples were reported with reagent blank subtracted. Reagent blank was 2.2 ug total.
Samples were analyzed by West Coast Analytical Services (WCAS) by ICP/MS. (see
attached report)

—

Date Approved: 7/ 27/ /Zf Approved By;%/y %

Rudy Edefi, Senior Manager
Laboratory Services

Eastd\...\9223802.doc






WEST COAST
ANALYTICAL
SERVICE, INC.

Analyiical Chemises

September 21, 1998

SCAQMD
21865 East Copley Drive

Diamond Bar, CA 91765 \

Attn: Joan Niertit

Job No: 39239 , s

LABORATORY REPORT

Samples Received: Eight (8) Liquids
Date Received: 09/10/98
Purchase Order No: 99107

The samples were analyzed as follows:

Analysié Page

Nickel by ICPMS 2
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Senior Staff Chemist Quality Assurance Officer
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WEST COAST ANALYTICAL SERVICE, INC.

SCAQMD Job No: 39239
Attn: Joan Niertit September 21, 1998

LABORATORY REPORT

Nickel
guantitative Analysis Report
Inductively Coupled Plasma-Mass Spectrometry

Parts Per Billion (ug/l)

Sample ID Nickel

Reagent Blank 98-109 12

Train #5 1540

Train #7 : 96

Train #14 1730

Train #15 590

Reagent Blank 98-110 22

Train #4 : 63 x
Train #3 50

Detection Limit: 0.1

Date Analyzed: 9-14-98 & 9-16-58

Quality Control Summary

Sample: Train #4
Matrix: Liquid

parts Per Billion (ug/l)

Nickel
Sample: 63
Duplicate: 64
Average: 63.5
Sample RPD: 1.6
Spike cConc: 100
MS Result: 160
% Recovery 96.5

Date Analyzed: 9-14-98

This report is to be reproduced in its entirety.
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Abbreviations Summary -

General Reporting Abbreviations:

B

DL

ND

ppm
ppb

TR

Blank - Indicates that the compound was found in both the -
sample and the blank. The sample value is reported without
blank subtraction. If the sample value is less than 10X the
blank value times the sample dilution factor, the compound
may be present as a laboratory contaminant.

Indicates that the sample was diluted, and consequently the

.surrcgates were too dilute to accurately measure.

Detection Limit - Is the minimum value which we believe can

~be detected in the sample with a high degree of confidence,

taking into account dilution factors and interferences. The

reported detection limits are equal to or greater than Method
Detection Limits (MDL) to allow for day to day and instrument
to instrument variations in sensitivity.

Indicates that the value is an estimate.

Not Detected - Indicates that the compound was not found in
the sample at or above the detection limit.

Parts per million (billion) in liquids is usually equivalent
te mg/l (ug/l), or in solids to mg/kg (ug/kg). In the gas
phase it is equivalent to ul/1 (ul/m>).

Trace -~ Indicates that the compound was observed at a value
less than our normal reported Detection Limit (DL) , but we
feel its presence may be important to you. These values
are subject to large errors and low degrees of confidence.

kg kilogram mg milligram l liter m meter
g gran ug microgran ul microliter

OC Abbreviations:

Control QC Limits are determined from histofiqal data. The test

&

value must be within the Control Limits for the test

Warning to be considered valid. Based on historical data,
Limits the confidence intervals are 95% for warning limits and

9%% for control linmits.

¥ Error Percent Error - This is a measure of accuracy based on

the analysis of a Laboratory Control standard (LCS). An
LCS is a reference sample of known value such as an NIST
Standard Reference Material (SRM). The % Error is

expressed in percent as the difference between the known
value and the experimental value, divided by the known
value. The LCS may simply be a solution based standard
which confirms calibration (ICV or CCV - initial or
continuing calibration verification), or it may be a
reference sample taken through preparation and analysis.






SOUTH COAST AIR QUALITY MANAGEMENT DIS1IRICI
21865 Copley Dr., Diamond Bar, CA 91765-4182

MONITORING AND ANALYSIS
LABORATORY ANALYSIS REPORT

TO Mike Garibay, Engineer I1 LABORATORY NO 9258806
Source Testing & Engineering
Monitoring & Analysis REFERENCE NO ISV-25-45

SOURCE TESTNO  28-111

SAMPLE Four Nickel Trains

One Reagent Blank ‘ PREPARATION NO 9240808
SOURCE California Technical Plating. DATE RECEIVED Sept. 15,1998
Nicke! Plating Tank

11533 Bradley St.
San Fernando, CA

ANALYTICAL WORK PERFORMED, METHOD OF ANALYSIS, AND RESULTS
Nickel by CARB Method 433

Equip Number(s} 6 10 12 13

Sample point field source  SCurce composite
blank sample  sample ambient

Moisture gain (loss), g 0.2 26.2 323 25.4

Silica gel expended, percent <10 50 40 ~ 85

Notes on train condition €Y) (2)

Total nickel, ug 2.0 63.4 73.4 5.0

Comments and deviations:
(1) Very light graying over filter support holes.
_ (2) Light graying over filter support holes.

Samples were reported with reagent blank subtracted. Reagent blank was 1.6 ug total.
Samples were analyzed by West Coast Analytical Services (WCAS) by ICP/MS. (see
attached report WCAS Job No 39331)

Date Approved: 4/ A5/ 2 _5* Approved By;%p}/&r—’;&z'—\
Riidy Edefl, Senior Manager .
Laboratory Services

Exasid\.. \9258806.doc






WEST COAST
ANALYTICAL
SER\QCE,HVC
Analytical Chemist:

September 28, 1998
SCAQMD

21865 East Copley Drive
Diamond Bar, cA 91765
Attn: Joan Niertit

Job No: 39331 D

LABORATORY REPORT

Samples Received: Five (5) Liquids
Date Received: 09/21/98
Purchase Order No: 99107

The samples were analyzed as follows:

Analvsis Page
Nickel by IcCPMs 2

Charles JacKs, Ph.D. D.J orthington, Ph.D.

Senior Staff Chemist Quality Assurance Officer

This report i{s to be reproduced in its ehtirety.
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WEST COAST ANALYTICAL SRRy dL-woy ="

SCAQMD ' Job No: 39331
Attn: Joan Niertit _ September 28, 19398

TABORATORY REPORT

Nickel
Quantitative Analysis Report
Inductively Coupled plasma-Mass Spectrometry

_parts Per Billion (ug/l)

sample Nickel

98-111 Read Blank 16

Train #6 36

Train #10 : 650

Train #12 750

Train #18 66

Detection Timit: . 0.1

Date Analyzed: 9-24-98 .

Quality control Summary

Sample: Train #18
Matrix: Liquid

parts Per Billion (ug/l)

Nickel
Sample: 66
Duplicate: 64
Average: 65
Sample RPD: . 3.1
Spike Conc: 100
MS Result: 163
% Recovery _ 98

pate Analyzed: 9-24-98

This report is to be reproduced in its entirety.

Page 2 of 2



CALifornia TECHnical PLATING, CORpS«=mnte

EL
11532 BRADLEY AVENUE Nick

SAN FERNANDO CALIFORNIA 91340

{(818) 358205 FAX (818) 385-4885 Tane %63
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WESTERR ANALYTICAL LABORATORIRS NG,

13744 MONTE VISTA AVENUE + CHINO, CALIFORNIA 91710 - (809) 827-3628 - FAX {908} 8270491

SOUTH COAST ARGMD . Blio292
USTOMER____ WAL NO
1 2
DATE RECEIVED 1712798
JOHN MCLAUGHLIN
TTENTION . DATE OF REPORT. 11717/98

NICKEL SULFATE PLATING SOLUTION
AMPLE IDENTIFICATION: .

CALIFORNIA TECHNICAL PLATING

: 1171279
TANK NO. GALLONS. SAMPLED 1 8
ANALYSIS STANDARD RESULTS
NICKEL - ——" 78.1 g/l -
' G-

NICKEL SULFATE : BRZ.9 328 g/t
NICKEL CHLORIDE 242 19.4 /1
'ORIC ACID - o 168  56.9 g/1
» S - 2.01

IJRFACE TENSION ' - 37.9 dyne/cm

M 1002 CONT



